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Proceedings  of  the  Four  Hundred  and  Seventieth 
Ordinary  General  Meeting  of  the  Institution  of 
Electrical  Engineers,  held  in  the  Rooms  of  the 
Institution  of  Civil  Engineers,  Great  George 
Street,  Westminster,  on  Thursday  evening, 
February  20,  1908 — Colonel  R.  E.  Crompton, 
C-B.,  President,  in  the  chair. 

The  minutes  of  the  Ordinary  General  Meeting,  held  on  February  6, 
tgoS,  were  taken  as  read,  and  confirmed. 

The  Hst  of  candidates  for  election  into  the  Institution  was  taken  as 
read,  and  it  was  ordered  that  it  should  be  suspended  in  the  Library. 

The  following    list   of    transfers  was  published  as  having  been 
approved  by  the  Council : — 

TRANSFERS. 

From  the  class  of  Assocbte  Members  to  that  of  Members : — 
Thos.  A.  Rose.  |  Harry  Snowdon. 

C.  N.  Staniland. 

From  the  class  of  Associates  to  that  of  Members  : — 
E.  C.  Daubeny.  |  F.  Tremain. 

From  the  class  of  Associates  to  that  of  Associate  Members  : — 

C.  F.  B.  Marshall  |  Harry  A.  Nott. 

Albert  J.  Smith. 
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From  the  class  of  Students  to  that  of  Associate  Members 

H.  S.  Binns. 
Harold  L.  Brook. 
E.  F.  Cutforth. 
E.  E.  E.  Dormann. 
Henry  J.  Golding. 


B.  C.  Johnson. 

C.  H.  Martin. 
John  Palmer. 
J.  M.  G.  Rees. 
Harold  D.  Symons. 


Messrs.  ^.  A.  Fynn  and  J.  O.  Girdlestone  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members,  and,  at 
the  end  of  the  meeting,  the  following  were  declared  to  have  been 
duly  elected  : — 

■ELECTIONS. 

As  Associate  Members, 


William  Clark. 
Herbert  Cooch. 
George  Francis  Dewynter. 
I.  Harding  Jenkins. 
Cecil  Octavius  Jolly. 


Albert  George  Lee. 
William  Upsall  Lonnon. 
Frank  Pape. 

Harry  Sydney  Thompson. 
Arthur  Wallis. 


As  Students. 
Stanley  Moncoeur  Hills.  |  Ernest  Pogson. 

Estlin  H.  Webb. 

Donations  to  the  Library  were  announced  as  having  been  received 
since  the  last  meeting  from  F.  Kohlrausch,  H.M.  Patent  Office,  Messrs. 
S.  Rentell  &  Co.,  Ltd.,  Messrs.  E.  &  F.  N.  Spon,  Ltd.  ;  to  the  Building 
Fund  from  A.  D.  Constable,  S.  Z.  de  Ferranti,  Dr.  C.  V.  Drysdale,  K. 
Edgcumbe,  W.  M.  Mordey,  J.  F.  C.  Snell,  A.  Stroh ;  and  to  the 
Benevolent  Fund  from  G.  Allom,  Major  P.  Cardew,  M.  S.  Chambers, 
W.  C.  Clinton,  P.  R.  Cobb,  V.  K.  Cornish,  H.  C.  Donovan,  B.  M. 
Drake,  G.  Draper,  Dr.  C.  V.  Drysdale,  K.  W.  Edgcumbe,  E.  Garcke, 
Dr.  R.  T.  Glazebrook,  F.  E.  Gripper,  H.  G.  Harris,  Colonel  H.  S. 
Hassard,  C.  C.  Hawkins,  K.  Hedges,  J.  S.  Highfield,  R.  W.  Hughman, 
E.  S.  Jacob,  A.  E.  Levin,  E.  Manville,  W.  M.  Mordey,  Major  W.  A.  J. 
O'Meara,  Hon.  C.  A.  Parsons,  W.  H.  Patchell,  A.  H.  Preece,  T.  Rich, 
S.  R.  Roget,  G.  H.  Sayer,  W.  H.  Scott,  A.  Siemens,  A.  Stroh,  A.  J. 
Stubbs,  G.  G.  Tomkins,  A.  P.  Trotter,  to  whom  the  thanks  of  the 
meeting  were  duly  accorded. 

The  President  :  I  have  to  announce  that  the  Council  has  decided 
that  a  Kelvin  Lectureship  shall  be  established  for  the  Institution,  and 
that  a  Kelvin  Lecture  be  delivered  annually  ;  the  arrangements  for 
the  delivery  of  the  first  lecture  will  be  announced  in  due  course. 

The  following  papers  were  read  and  discussed  : — 
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ELECTRICAL  POWER   IN   RAILWAY  GOODS 
WAREHOUSES. 


jmoer. 


By  H.  Henderson,  Associate  Mem 

Rtcnved  frwm  the  Newcastle  Local  Section,  October  12,  1907,  read  at 
Scm€astle  on  January  13,  and  at  London  on  February  20,  1908.*) 

The  introduction  of.  electrical  power  into  railway  working  has 
been  attended  with  very  great  advantages,  especially  in  the  matter  of 
dealing  with  goods  traffic  in  warehouses.  The  advantage  of  electric 
lighting  was  proved  years  ago,  and  the  late  Mr.  W.  E.  Langdon 
claimed  that  the  work  done  in  a  given  time  was  increased  30  per  cent. 
by  the  installation  of  arc  lamps  in  one  of  the  Midland  Company's  ware- 
houses. It  is  obvious  that  good  lighting  is  essential  where  goods  are 
being  loaded  and  unloaded,  and  time  is  saved  if  the' addresses  can 
be  distinctly  read.  In  the  North-Eastern  Railway  Company's  Goods 
Warehouse  in  Forth  Banks,  Newcastle,  hand  lamps  had  to  be  em- 
ployed on  the  benches  when  gas  was  in  use.  When  arc  lamps  were 
introduced,  the  hand  lamps  were  dispensed  with,  which  was  a 
ooosiderable  gain  in  the  s];>eed  of  handling  goods,  and  also  from  the 
point  ot  view  of  safety.  The  good  lighting  provided  by  the  arc  lamps 
also  allows  of  better  supervision  of  the  material  by  watchmen,  which 
resalts  in  a  reduction  in  the  number  of  claims.  The  use  of  electricity 
for  power  purposes  is,  however,  of  more  recent  date,  and  it  is  with 
the  question  of  power  that  this  paper  deals. 

Amongst  the  chief  advantages  to  be  gained  are  : — 

I.  More  floor  space  available  by  making  use  of  overhead  travel- 
ling cranes. 
z.  Less  aggregate  power  to  perform  the  same  work  as  hydraulic. 
3-  Less  cost  for  power. 
4.  Reduction  in  cost  of  maintenance. 

Nos.  I  and  2  are  very  clearly  seen  by  examining  Figs,  i  and  2. 
Fig.  I  is  a  plan  of  part  only  of  the  Forth  Goods  Warehouse.  This 
$how>  the  warehouse  as  originally  designed  for  hydraulic  power.  The 
total  number  of  hydraulic  cranes  per  row  of  l>enches  was  18,  in  three 
rows,  making  a  total  of  54^  These  cranes  served  benches  with  an 
approximate  length  of  1,500  ft  and  an  area  of  about  48,000  sq.  ft., 
which  gives  30*3  H.P.  per  1,000  sq.  ft  of  bench  area  and  a  lifting 
caoacity  of  1*4  tons  for  the  same  area. 

In  the  Company's  new  warehouse  (Fig.  2)  at  New  Bridge  Street, 

*  On  accoant  ot  Lord  Kelvin's  death  the  reading  of  thU  paper  in  London  wis 
fWiitpioed  from  the  meeting  of  Dec  19,  1907. 
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Newcastle,  which  is  designed  for  electrical  working,  four  electric  over- 
head travelling  cranes,  described  later,  serve  two  benches  of  a  total 
length  of  580  ft.  and  an  area  of  about  15,000  sq.  ft.  These  cranes 
give  6' 1 3  H.P.'per  1,000  sq.ft.  of  bench  area,  and  a  lifting  capacity 
of  0*27  ton  for  the  same  area.  These  figures  show  what  a  great  saving 
can  be  made  by  adopting  such  cranes,  and  that  nine  similar  electric 
cranes  could  have  replaced  the  fifty-four  hydraulic  cranes  at  the  Forth 
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Fig.  I. — Showing  Hydraulic  Cranes,  Forth  Warehouse. 

Goods  Warehouse,  where  head  room  is  ample  for  the  use  of  overhead 
travellers.    The  figures  cover  all  motions  in  each  case. 

The  types  of  machinery  used  in  a  goods  warehouse  are  : — 

1.  Machinery  for  dealing  with  goods,  namely  :   cranes,  hoists,  etc. 

2.  Machinery  for  dealing  with  traffic,   namely :   capstans,  hoists, 

and  traversers. 

In  describing  the  different  types,  the  new  goods  warehouse  of  the 
North-Eastern   Railway  at  New  Bridge  Street  will   be  taken  as  an 


i9Qa] 


RAILWAY   GOODS   WAREHOUSES. 


esample,  because  it  has  been  designed  for  electrical  working,  and  the 
whole  of  the  machinery  is  electrically  driven. 

Under  heading  No.  i,  a  type  of  crane  has  been  adopted  which 
seems  to  be  most  suitable  for  this  class  of  work.  It  consists  of  an 
ordinary  overhead  travelling  crane,  but  instead  of  being  fitted  with 
the  usual  crab,  the  hoisting  gear  is  attached  to  a  revolving  jib  carried 
oo  a  lattice  framework  fixed  to  the  crab. 

The  crane  has  thus  four  motions  governed  by  two  universal 
controllers  fixed  to  a  platform  on  the  revolving  jib.  The  jib,  con- 
trollers, and  hoisting  gear  are  clearly  shown  in  Fig.  3,  which  also  shows 
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Fio.  2. — Ground  Floor  New  Bridge  Street  Warehouse. 


the  method  of  suspension  from  the  crab.    The  lifting  capacity  is  i  ton, 
and  the  sizes  of  the  four  motors  are  : — 

Lifting  motor,  15  B.H.P.  at  150  ft.  per  minute. 
Revolving  motor,  i^  B.H.P.  at  350ft.  per  minute. 
Cross  traversing  motor,  i}  B.H.P.  at  150  ft.  per  minute. 
Travelling  motor,  5  B.H.P.  at  350  ft.  per  minute. 

The  span  is  48  ft  6  in.,  and  the  jib  radius  11  ft.  From  the  cross- 
section  of  the  building  shown  on  Fig.  4,  upon  which  these  cranes  arc 
marked  X,  it  will  be  seen  that  a  jib  can  reach  material  outside  the 
%pQkn  of  the  main  girders  and  do  lifting  work  in  three  spans  of  the 
main  bailding.  This  is  a  great  advantage  as  material  can  be  taken 
from  any  wagon  and  deposited  on  a  cart  irrespective  of  the  position 
of  cither  vehicle.  Such  work  cannot  Ixr  accomplished  by  any  other 
type  of  crane,  and  at  the  same  time  the  full  command  of  the  whole 
of  the  bench  is  obtained  without  in  any  way  taking  up  valuable  storage 
^foce. 

Other  cranes  on  the  same  floor  include  two  wall  cranes  shown  .it 
K  OQ  Ftg.  4.     These  are  ordinary  revolving  jib  cranes  with  stationary 
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machinery  and  a  fixed  driving  platform.  The  machinery  consisting 
of  lifting  and  revolving  gear  with  a  separate  motor  for  each  motion  is 
fixed  on  brackets  above  the  top  support  of  the  crane,  and  the  jib  is 
revolved  by  a  vertical  shaft  carrying  a  pinion,  driving  a  spur  wheel 
fixed  to  the  top  of  the  crane  post.  These  cranes  are  capable  of  lifting 
I  ton  at  a  speed  of  60  ft.  per  minute  with  6  B.H.P.,  and  of  slewing  at 
a  speed  of  150  ft.  per  minute  with  i^  B.H.P.  The  motors  are  driven 
by  a  double  controller  with  a  single  handle,  as  in  use  on  the  travelling 
cranes. 

In  the  basement  four  cranes  have  been  erected,  and  owing  to  the 
smallness  of  the  head  room,  special  types  have  been  used.  Two  of  the 
cranes  are  travelling  jib  cranes,  similar  to  the  ground  floor.  These 
are  shown  at  E  on  Fig.  5  and  in  further  detail  on  Fig.  6.  In  these 
cranes  the  revolving  jibs  are  12  ft.  radius,  and  the  span  is  20  ft.  They 
can  thus  cover  a  width  of  nearly  40  ft.  and  have  a  track  200  ft.  long. 
The  capacity  is  i  ton  and  the  sizes  of  the  motors  are  : — 

Lifting  motor,  6  B.H.P.  at  60  ft.  per  minute. 
Revolving  motor,  i^  B.H.P.  at  150  ft.  per  minute. 
Cross  traversing  motor,  i^  B.H.P.  at  100  ft.  per  minute. 
Travelling  motor,  2^  B.H.P.  at  100  ft.  per  minute. 

It  will  be  seen  that  the  hoisting  gear  is  forward  on  the  jib  in  this 
case  and  a  heavy  balance  weight  attached  at  the  back.  This  is  done 
to  keep  the  controlling  platform  up,  on  account  of  the  small  amount 
of  head  room  available.  The  remaining  two  cranes  in  the  basement 
are  of  a  special  type,  and  are  named  revolving  pillar  cranes.  They  are 
shown  at  D  in  Fig.  5,  and  a  full  view  of  the  crane  and  circular  track  is 
shown  on  Fig.  7.  Each  crane  consists  of  a  revolving  framework,  one 
end  of  which  is  constructed  to  encircle  one  of  the  main  pillars  of  the 
building,  whilst  the  other  is  fitted  with  wheels  which  run  on  a  circular 
track  attached  to  the  roof.  The  cage  and  hoisting  gear  are  fixed  near 
the  pillar  to  the  revolving  frame,  and  the  travelling  motor  is  at  the 
outer  end  near  the  wheels,  the  two  motions  being  driven  from  one 
controller.  The  pillar  end  of  the  frame  runs  on  a  heavy  casting  which, 
when  bolted  up,  forms  a  vertical  circular  support  carrying  a  square 
horizontal  flange  on  the  bottom.  The  end  of  the  frame  surrounds  this 
support  and  carries  two  rollers  which  bear  on  the  vertical  surface, 
thus  keeping  the  motion  circular.  These  cranes  are  capable  of  lifting 
I  ton  at  60  ft.  per  minute  with  6  B.H.P.  and  revolving  at  150  ft.  per 
minute  with  ij  B.H.P. 

For  hoisting  material  to  the  top  floors,  which  are  used  for  storage  of 
grain,  flour,  and  similar  materials,  there  are  in  use  two  transporters  and 
six  jiggers.  The  transporters  travel  the  full  width  of  the  building  at 
about  70  ft.  from  the  ground-floor  rail  level,  the  track  being  extended 
i6  ft.  on  each  side  of  the  building  to  permit  the  hoisting  of  material  from 
wagons  outside  the  warehouse.  These  machines  are  shown  at  O  in 
Fig.  4.  The  hoisting  gear  is  contained  in  a  travelling  crab,  which  also 
carries  the  cage.    The  track  is  formed  of  heavy  channel  irons  bolted  to 
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tbc  roof  girders  and  to  the  concrete  roof,  the  running  rails  being  bolted 
fi  tbc  tKHtom  flange.  The  lifting  is  done  with  a  I5-B.H.P.  motor,  at 
150  ft  per  minute,  and  the  travelling  with  i^-B.H.P.,  at  350  ft.  per 
minute,  both  motors  being  driven  from  one  controller.  The  lifting 
cipadty  is  i  ton.  These  hoists  can  pick  up  material  from  any  part  of 
t£c  groond  floor  directly  beneath  them,  and  can  deposit  it  on  either  of 
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Fio.  4-— New  Bridge  Street  Warehouse. 
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Fia  5.— Ba>cnjcnt,  New  Bridge  Street  Warehoube. 

t:ic  upper  floors,  the  wire  passing  through  a  slot  in  the  floor  when 
tniTeiUng  from  the  well  to  the  first  floor.  In  the  jiggers  the  machinery 
H  6xcd.  A  heavy  H-iron  is  t>olted  to  the  roof,  and  along  this  travels  a 
MuU  framework  for  bringing  in  the  load  from  outside  cither  to  the 
ttf«t  or  to  tbc  second  floor,  and  in  two  cases  to  a  third  floor  also. 
TVm:  hot>t»  arc  shown  in  Fig.  8.  The  hoisting  rope  is  permanently 
tiled  4t  one  end  to  the  outer  end  of  the  giider,  and  passes  tlirough  the 
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travelling  frame  over  two  pulleys  to  the  fall  block,  and  thence  to  the 
winding  drum.  The  travelling  motor  drives  an  endless  rope  attached 
to  the  frame,  running  it  in  or  out  as  required.  A  large  pulley  is  fixed 
at  the  outer  end  of  the  girder  to  take  this  rope.  The  capacity  is  15  cwt, 
and  the  lifting  is  done  with  10  B.H.P.,  at  100  ft.  per  minute,  and  the 
travelling  with  ij  B.H.P.,  at  120  ft.  per  minute.  These  jiggers  are 
made  to  be  controlled  from  each  floor,  and  also  from  two  places  on 
each  floor,  namely,  one  inside  and  one  on  a  platform  outside.  The 
various  points  of  working  are  interlocked  in  such  a  manner  that  thq 
controllers  can  only  be  worked  from  one  point  at  once.  This  is  done 
mechanically  by  gearwheels  and  clutches,  the  various  points  being 
coupled  by  wire  ropes  driving  small  shafts  with  bevel  wheels,  and 
finally  driving  two  controllers. 

All  these  machines,  with  the  exception  of  the  jiggers,  are  driven  by 
universal  controllers,  the  general  arrangement  of  which  is  shown  in 
Fig.  9,  and  a  diagram  of  connections  for  one  motion  is  shown  in 
Fig.  10.  The  resistances  are  all  enclosed  in  special  iron  cases  with 
radiating  ribs,  forming  a  compact  arrangement  easily  fixed. 

Machinery  for  Dealing  with  Traffic. — The  capstans,  which  number 
forty-two,  are  designed  for  a  pull  of  i  ton,  or  six  loaded  wagons 
averaging  a  total  weight  of  about  90  tons,  at  a  speed  of  250  ft.  per 
minute.  The  .motors  are  26  B.H.P.,  and  are  compound  wound,  the 
series  winding  being  on  two  poles  and  the  shunt  on  the  remaining  two. 
The  starting  switches  are  operated  directly  by  the  treadle,  a  strong 
dashpot  preventing  too  rapid  movement  of  the  switch.  The  switch 
also  contains  an  overload  release,  which  brings  the  switch  to  starting 
position  and  necessitates  the  treadle  being  released  before  the  motor 
cap  be  started  again.  This  works  very  promptly,  and  prevents  rough 
usage  of  the  capstan.  Whether  this  type  of  starting  switch  is  the  most 
desirable  one  for  electric  capstans  is  a  debatable  point.  Electric  cap- 
stans cannot  be  roughly  treated  as  hydraulic  capstans  can.  With  the 
latter,  if  the  capstan  is  overloaded  (a  very  frequent  occurrence),  no 
harm  is  done  to  the  capstan,  and  the  load  must  be  reduced  until  the 
power  of  the  capstan  is  sufficient  for  the  load  before  any  movement 
will  take  place.  Such  methods  of  working  cannot  occur  with  an 
electric  capstan,  and  unless  a  protective  device  is  provided  damage 
will  occur  to  the  apparatus.  Provided  the  overload  release  is  kept  in 
order,  the  operator,  however  careless,  will  soon  learn  that  the  capstan 
must  be  treated  with  respect  if  any  work  is  to  be  got  out  of  it.  Another 
serious  objection  to  the  direct  operation  of  the  starting  switch  by 
the  treadle  is  that  the  necessity  of  gradually  depressing  the  treadle 
tends  to  take  the  man's  mind  off  his  work,  which  is  by  no  means  with- 
out danger  ;  also,  owing  to  his  having  to  work  against  the  dashpot  and 
balance  weight  attached  to  the  treadle,  he  may  not  cut  out  all  the 
resistance,  which  will  burn  out  after  a  few  such  operations.  The 
preferable  method  is  for  the  treadle  to  operate  a  main  switch  only,  the 
starting  switch  being  automatically  worked  either  by  a  magnetic  coil 
or  by  gearing  from  the  motor  spindle.    The  movement  of  the  treadle 
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Fig.  3.— Overhead  Travelling  Crane  with  Revolving  Jib. 
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Fig.  8.-  Travelling  Crab. 
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then  t>ccomes  a  single  one,  as  in  hydraulic  capstans.  Another  point 
vhich  seems  to  be  overlooked  in  capstans  is  the  space  allowed  in  the 
cast-iron  tank.  Capstans  are  often  designed  so  small  that  it  is  impos- 
sible to  get  into  them,  and  to  make  any  repairs  or  alterations  neces- 
sitates working  in  most  awkward  positions,  where  sight  of  what  is 
being  done  is  almost  impossible.  This  is  a  great  mistake.  If  the 
capstan  is  inside  there  is  no  reason  why  it  should  not  be  covered  in 
by  light  plates,  which  can  be  easily  removed  and  the  whole  of  the 
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Fig.  9. — Universal  Controller. 


mechanism  exposed.  With  outside  capstans  this  would  not  apply,  but 
the  difiiculty  can  be  got  over  in  a  different  manner.  The  author 
recently  had  the  privilege  of  seeing  several  capstans  in  a  goods  yard  in 
Lancashire  which  were  excellently  arranged.  The  tank  was  of  a 
doable  pattern,  fixed  end  to  end,  these  ends  being  cut  out  to  form 
a  commanication  between  the  two.  The  tanks  were  very  deep,  and 
ooc  of  them  was  covered  with  a  heavy  lid  in  one  piece,  which  carried 
the  motor  and  the  capstan  head.  The  switchgear  was  also  fixed  in 
the  <ame  tank,  and  consisted  of  a  double-pole  switch  worked  from  the 
treble,  a  starting  switch  from  the  motor  spindle,  and  a  switch   which 
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short-circuited  the  armature  when  the  treadle  was  ofif,  thus  acting 
as  a  brake.  The  second  tank  was  covered  with  light  plates,  and 
simply  contained  the  outlet  to  the  drain,  and  a  ladder  for  descent. 
Access  was  easily  gained  to  the  capstan  proper,  and  it  was  possible 
to  pass  in  underneath  the  motor  and  capstan  head  and  do  any  work 
required  in  comfort.  All  the  apparatus  was  thus  under  a  cover, 
which  did  not  require  to  be  removed,  and  there  was  room  to 
deposit  any  parts  which  required  to  be  taken  down.  Objection 
may  be  taken  to  the  expense  of  having  to  dig  a  deeper  hole  for  the 
tanks,  but  the  advantages  gained   easily  outweigh   such   objection. 


Fig.  id. — Connections  of  Controllers. 


If  all  electric  capstans  were  designed  upon  this  principle  it  would  do 
much  to  remove  a  number  of  the  troubles  which  occur  with  electric 
capstans  in  practical  working. 

In  the  forty-two  capstans  at  New  Bridge  Street  the  head  is  driven 
by  bevel  gearing,  and  the  shaft  of  the  armature  is  fitted  with  an  electro- 
magnetic strap  brake  in  series  with  the  motor  operated  for  braking  by 
a  heavy  balance  weight  when  the  current  is  cut  off.  A  view  of  the 
capstan  is  shown  in  Fig.  ii,  and  a  diagram  of  the  connections  of  the 
controller  in  Fig.  1 2. 

Wagon  Hoists. — As  will  be  seen  from  Fig.  5,  the  only  access  to  the 
basement  for  railway  wagons  is  by  way  of  the  wagon  hoists.  These 
are  worked  electrically,  and  are  capable  of  lowering  30  tons  and  lifting 
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JO  tons.  They  arc  controlled  on  the  push-button  principle,  and  are  pro- 
bably the  largest  hoists  of  that  type  ever  made.  The  hoisting  arrange- 
ment b  very  simple,  consisting,  in  reality,  of  two  sets  of  huge  pulley 
blocks.  The  usual  method  of  operation  is,  however,  reversed,  and  that 
block  which  is  generally  fixed  is  in  this  case  the  movable  set,  and  the 
load  is  raised  by  means  of  the  tail  end  rope.  Its  use  in  connection 
with  a  boist,  especially  of  such  a  size,  is  indeed  very  novel.  The 
machinery,  which  is  at  the  top  of  the  hoist,  is  composed  of  two  exactly 
Mmiler  parts,  each  driven  by  a  50- H. P.  240- volt  compound  motor,  the 
motors  t>eing  connected  in  series.    Each  motor  is  coupled  to  its  gearing 


Pig.  12. — Capstan  Controller. 


by  means  of  a  shaft  carrying  a  magnetic  strap  brake  and  also  a  high- 
speed centrifugal  brake,  to  check  too  rapid  motion.  The  gearing 
finally  drives  a  large-toothed  wheel,  which  has  teeth  over  about  )  of 
its  rim,  the  remaining  part  being  simply  flat.  The  two  parts  of  the 
nuchinery  are  coupled  together  by  means  of  a  heavy  crank-pin, 
fanning  a  complete  engine,  and  leaving  a  space  of  about  3  ft.  7  in. 
between  the  larged-toothed  wheels,  in  which  the  ropes  are  operated. 
To  thb  crank-pin  arc  attached  the  ends  of  the  four  ropes  which  hoist 
the  cage,  and  also  the  ends  of  the  ropes  connected  with  the  balance 
weights  which  balance  the  load..  Fig.  13  is  a  diagrammatic  development 
iA  Ibc  method  of  attaching  the  ropes.     Starting  with  the  ends,  the  two 
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ropes  arc  attached  to  the  crank-pin.  From  thence  they  pass  over 
a  fixed  pulley  at  the  side  (both  ropes  running  in  one  groove).  From 
this  pulley  they  pass  over  the  pulley  on  the  crank-pin  and  back  to 
a  second  fixed  pulley,  after  which  they  pass  over  "  dumping  "  pulleys 
to  the  top  of  the  cage,  the  double  rope  opening  out  so  that  they  may  be 
attached  to  each  side  of  the  top  beam.  The  ropes  then  return  from 
the  pulleys  attached  to  the  cage  to  the  second  set  of  blocks,  finally 

ChankPin. 
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Fig.  13. — Diagram  of  Rope  Attachments  for  Wagon  Hoist. 


being  made  off  at  the  opposite  end  of  the  crank-pin  to  which  they 
started.  This  arrangement  is  shown  in  Fig.  14.  The  switchgear  is  of 
Messrs.  Smith  and  Stevens  pattern,  operated  from  push-buttons  on  the 
ground  floor  and  from  a  set  of  push-buttons  in  the  cage.  Fig.  15 
shows  the  connections  and  the  various  coils  connected  with  the 
starting-gear,  which  is  of  the  makers'  usual  pattern,  enlarged  to  suit 
the  size  of  the  hoist. 

The  speed  of  the  hoists  is  60  ft.  per  minute  and  the  lift  18  ft. 
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After  the  wagons  are  lowered  to  the  basement  floor  they  arc 
fcccived  by  a  ku-ge  traverser.  This  machine  runs  in  a  special  pit 
50  ft.  wide  and  the  full  width  of  the  building,  as  shown  on  Fig.  5. 
The  trarerscr  consists  of  a  large  platform  27  ft.  long  and  18  ft.  wide, 
nmning  on  eight  large  grooved  wheels  on  four  sets  of  rails.  There  are 
also  two  sets  of  roller  wheels  running  on  the  same  rails  to  take  the 
oeatre  weight  and  that  of  the  driving  platform.  Upon  one  side,  which 
t^  cxtcixicd  and  fitted  with  a  hand-rail,  is  fixed  the  motor  which  drives 
the  traverser,  and  also  a  capstan  head  for  drawing  wagons  on  to  the 
traverser  from  the  hoists.  The  motor  is  26  B.H.P.,  driven  by  a  simple 
revering  controller.    The  motor  drives  a  shaft  fitted  with  a  double- 
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Fig.  1 4-— Diagram  of  Rope  Attachments  for  Wagon  Hoist. 


dotch  gear.  One  clutch  drives  the  nearest  shaft  which  carries  the 
nmntng  whecU,  and  the  other  clutch  drives  the  capstan  head.  The 
clutches  are  operated  by  one  hand-wheel  so  that  both  motions  cannot 
be  u»ed  together.  The  clutch  connecting  the  capstan  head  is  arranged 
to  drive  the  head  in  one  direction,  the  reversal  of  the  motor  driv- 
ing the  Uiaft  only,  the  arrangement  being  similar  to  that  of  a  free- 
wbecL  Current  is  carried  to  the  motor  through  collectors  fixed  under- 
neath the  floor  of  the  traverser  and  running  in  a  conduit  carrying  the 
bare  wires.  The  speed  of  the  traverser  is  300  ft.  per  minute,  and  the 
capstan  speed  200  ft.  per  minute. 

Tbe  power  is  taken  from  the  Newcastle  Electric  Supply  Company's 
Paodoa  Dene  sub-station  at  a  pressure  of  480  volts  between  the  outers. 
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Schedule  of  Power  Installed. 


No.  of 
Machines. 

No.  of 
Motors. 

Power  of 
Machine. 
B.H.P. 

Total  Power, 
B.H.P. 

Basement — 

Overhead  Travellers 
Revolving  Pillar  Cranes... 

Wagon  Traverser 

Wagon  Hoists      

Capstans 

Ground  Floor— 

Travelling  Cranes 
Radial  Wall  Cranes 
Capstans 

Second  Floor— 

Transporters 

Jiggers       

Third  Floor— 
Jiggers        

Total    

2 
2 
I 
2 

i6 

4 

2 
26 

2 

4 

2 

8 

4 

I 

i6 

1 

4 

26 

lOO 

26 

23 

Hi 

Hi 

22-5 

26*0 
200-0 
4160 

92*0 

150 

6760 

330 
460 

230 

— 

— 

1564-5 

All  the  power  is  supplied  at  this  pressure  and  the  lighting  at  240  volts. 
The  whole  building  is  controlled  from  two  switchboards,  one  for  power 
and  the  other  for  lighting,  a  separate  account  being  kept  of  the  energy 
used  for  each. 

With  regard  to  the  cost  of  electrical  working,  the  New  Bridge 
Street  Warehouse  has  not  yet  been  in  use  to  any  large  extent,  so  that 
no  figures  can  be  given.  Some  interesting  figures  are,  however,  given 
below  with  respect  to  a  goods  warehouse  in  the  South-West  of 
England.  This  warehouse  originally  contained  50  hydraulic  cranes 
and  6  hydraulic  capstans.  Before  deciding  to  electrify  the  cranes,  etc., 
experiments  were  made  to  ascertain  which  cranes  and  capstans  used 
most  of  the  water.  It  was  found  that  three  of  the  cranes,  and  the  six 
capstans,  used  90  per  cent,  of  the  water.  It  was  then  decided  to 
electrify  these  and  drive  the  remaining  cranes  with  electrically  driven 
pumps.  The  cranes  were  electrified  by  fixing  a  lifting  and  slewing 
gear  on  a  fixed  framework  underneath  the  bench,  utilising  the  old 
crane  posts  and  jibs.  In  one  case  the  old  hydraulic  controllers  were 
used  to  work  liquid  starters,  in  the  second  crane  special  liquid  starters 
were  fixed,  and  in  the  third  crane,  which  was  used  most  frequently, 
ordinary  controllers  with  wire  resistances  were  used.  The  two  pumps 
were  fitted   with  15-B.H.P.  motors  and  worked  automatically  from 
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floaa  switches  on  the  accumulators.  By  means  of  change-over  switches 
in  the  float  circuits,  the  pumps  and  accumulators  could  be  grouped  as 
desired.  These  alterations  were  carried  out  at  a  cost  of  £i,iS7f  and 
the  cost  of  working  fell  from  ;£6oo  to  ;£i5o  per  annum.  The  saving 
of  labottr  in  such  cases  is  very  great,  especially  if  the  power  is  taken 
from  a  public  supply  as  is  done  in  the  case  mentioned,  the  rate  being 
id.  per  unit 

This  shows  what  a  great  saving  can  be  made  by  means  of  electric 
driving  even  by  converting  steam  or  gas-driven  hydraulic  pumps  to 
electrically  driven  pumps,  and  working,  these  by  automatic  switches. 

Under  the  heading  of  conversion  of  plant  may  be  added  a  change 
which  was  made  at  the  Forth  Goods  Warehouse,  Newcastle. 
Referring  to  Fig.  i6,  it  will  l>e  seen  that  upon  the  benches  are  a 
ninnber  of  plain  squares.  These  are  hatchways  for  the  cellars,  and 
the  hydraulic  cranes  are  arranged  so  that  most  of  them  can  lower 
material  into  the  cellars.  It  was  decided  to  experiment  on  one  row 
ci  benches  with  electric  cranes.  A  crane  of  the  transporter  type  was 
designed,  and  the  track  laid  out  in  such  a  manner  as  to  pass  over  the 
roadway,  benches,  and  railroad,  and  at  the  same  time  to  pass  vertically 
above  the  principal  hatchways.  This  necessitated  the  specially  shaped 
track  shown  on  Fig.  i6.  The  track  is  made  of  channel  iron  and 
carried  on  a  series  of  lattice  girders  attached  to  the  roof  columns. 
Current  is  conveyed  to  the  motors  on  the  transporter  through  the  track 
rails,  which  necessitatesjhe  insulating  of  each  support  Some  difficulty 
was  experienced  with  this  at  the  commencement,  due  to  the  vibration 
breaking  down  the  insulated  l>olts.  This  trouble  was  easily  got  over 
by  osing  hard  red  fibre  plates,  and  bushing  the  holes  with  two  fibre 
tabes  and  washers,  one  tube  sliding  within  the  other.  This  made  an 
excellent  joint,  and  no  trouble  was  experienced  afterwards.  The 
transporter  consists  of  a  small  tK)gie  running  on  four  wheels  and  driven 
by  a  vertical  motor  fixed  on  top  of  the  framework.  To  the  underside 
of  this  framework  are  attached  the  cage  and  lifting  gear.  As  there 
is  a  difference  of  480  volts  between  the  rails,  the  wheels  have  to  be 
insulated  from  the  axles.  Brushes  press  on  each  wheel  and  carry  the 
current  to  the  motors  and  the  controller,  which  is  of  the  universal 
type  previously  described.  The  lifting  capacity  is  i  ton,  and  the 
bfting  is  done  with  a  15-B.H.P.  motor,  the  travelling  motor  being 

3  aH.p. 

There  are  two  transporters  on  the  track,  and  these  displaced  eleven 
hydraalic  cranes.  They  work  very  well  and  can  easily  perform  the  duties 
which  were  previously  done  by  the  hydraulic  cranes.  The  number 
of  nmts  registered  against  these  cranes  averages  350  per  month,  which 
is  very  small,  and  if  the  wages  of  the  t>oys  who  drive  the  cranes  are 
added  the  total  cost  taken  at  the  power  rate  of  most  supply  companies 
would  be  insignificant  compared  with  that  of  the  numt>er  of  hydraulic 
craiscs  displaced. 
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ELECTRIC   POWER    IN    DOCKS. 
By  C.  E.  Taylor,  Associate  Member. 


(Paper  received  from  the  Newcastle  Local  Section,  November  22,  1907, 
read  at  London  on  February  20,  and  at  Newcastle  on  February  24,  igo8.) 

During  recent  years  the  use  of  electricity  for  power  purposes  in 
docks  has  been  greatly  extended,  and  as  the  power  companies,  now 
feeling  their  way,  develop  their  business,  it  is  probable  that  a  still 
greater  extension  will  take  place.  Electricity  offers  many  advantages 
over  the  hydraulic  system  (which  has  up  to  recent  times  held  this  field 
almost  exclusively),  especially  in  places  where  electric  power  can 
be  obtained  at  a  reasonable  rate  from  an  outside  source,  and  the  user 
has  not  to  incur  the  heavy  capital  expenditure  involved  in  the  provision 
of  a  generating  station  for  the  exclusive  supply  to  the  dock  premises 
above.  It  is  generally  admitted  that,  where  a  reliable  supply 
can  be  obtained  from  an  outside  source,  as  in  the  Tyne  district,  it  is 
much  more  advantageous  to  take  supply  from  that  source  than  to 
generate  for  such  loads  as  are  obtained  in  docks  where  the  total 
consumption  is  small  and  the  maximum  demand  large. 

From  the  users  point  of  view  the  advantages  are  great.  The 
installation  cost  for  distribution  is  small  compared  with  that  for  a 
hydraulic  supply,  and  not  so  liable  to  failure,  whilst  the  consumption  is 
proportional  to  the  work  done.  The  efficiency  of  electric  machinery  is 
necessarily  much  higher  than  that  of  hydraulic  plant  for  the  same 
purpose,  especially  that  of  the  older  type,  and  the  distribution  is  more 
flexible  and  lends  itself  to  alterations  and  additions  as  they  become 
requisite  much  more  readily  than  its  competitor. 

The  uses  to  which  electrical  machinery  has  been  put  in  dock 
workings  are  numerous  and  are  continually  extending.  For  the 
loading  of  general  merchandise  the  high  gantry  crane  is  much  used,  for 
short-distance  electric  traction  capstans  are  very  much  in  evidence,  and 
for  coaling  vessels  electric  cranes  and  hoists  are  used,  the  former  where 
the  better  facilities  afforded  by  jetties  or  staiths  cannot  be  arranged. 
Electric  power  is  used  also  for  preventing  the  breakage  of  coal  which 
takes  place  when  run  from  considerable  heights  into  the  holds  of  vessels, 
and  it  has  recently  been  used  to  obviate  in  a  simple  and  inexpensive 
manner,  the  necessity  for  alterations  to  existing  staiths  and  jetties, 
which  the  increasing  size  of  ships  employed  in  the  coal  trade  would 
otherwise  involve.  In  other  cases  it  is  found  that,  whilst  not  desirable 
to  replace  all  hydraulic  by  electric  plant,  it  was  advisable  to  make  a 
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beKinoing  on  a  settled  policy.  Such  a  case  may  be  instanced  as  that  at 
tie  North- Eastern  Railway  Company's  Dock — Tync  Dock— where  the 
Ntcim  pumping  plant,  l>eing  old,  is  being  replaced  by  electrically 
driven  pumps  with  the  intention  of  gradually  replacing  the  hydraulic 
crdum,  etc,  as  necessity  arises,  by  electric  plant  also. 

Cou/  Conveyors, — The  difficulty  of  loading  bunker  coals  into  vessels 
«bcn  light  from  the  older  jetties  or  staiths  has  led  to  the  adoption  of 
special  apparatus  capable  of  running  the  coals  on  the  level  or  on  an 
:r..Iined  plane.  One  form  of  this  apparatus  is  shown  in  Fig.  i.  Coal 
c^vcyer^  have  recently  been  brought  into  use  at  the  North-Eastern 
Railway's  Company's  Dock  at  Tyne  Dock.  The  arrangement  consists 
c^'seotially  in  making  the  spout  into  an  endless  belt  conveyor,  coals 
bang  >hipped  at  low  level,  and  run  over  the  belt  in  the  ordinary  way. 
When  shipped  into  vessels,  level  with  the  spout,  or  above  it,  the  latter 
1^  adjusted  as  may  be  required,  and  the  belt  run  by  an  electric  motor, 
tSK  coaU  being  carried  along  until  they  reach  the  hatch,  when  they  drop 
•  %cr  into  the  hold.  The  belt  spout  can  be  adjusted  to  any  angle,  but 
MX  useful  maximum  is  about  25°,  and  at  this  angle  some  500  tons  can 
DC  shipped  by  each  conveyor  per  hour.  Some  experiments  have 
recently  been  made  on  these  conveyors,  and  it  was  found  that  the 
i\craj>c  power  working  at  full  load  on  a  slight  incUnation  was 
:j  H.P.,  and  the  consumption  during  the  test  was  7  units,  with  a  total 
quantity  of  coal  shipped,  equal  to  410  tons,  giving  an  average  per  ton 
<jk  arx-iy  unit.  Whilst  the  test  was  in  operation  some  further  experi- 
sieat^  to  show  the  power  absorbed  with  various  inclinations  of  the  belt 
«cTc  made,  with  the  curious  result  of  a  constant  absorption  of  power 
i^  any  inclination  was  obtained.  Practically  the  power  remained 
^  :  ^tant  at  12  H.P.,  and  it  was  found  that  the  belt  automatically 
rcf^uUtcd  the  quantity  of  coal  carried  according  to  the  inclination. 
Fais  wa%  a  result  that  had  never  been  anticipated. 

A  3ptia3>e  motor,  capable  of  developing  16  B.H.P.  at  a  speed  of 
•'»*ut  ^oo  revs,  per  minute,  drives  the  spout  by  a  suitable  reduction 
,;cix  at  a  velocity  of  120  ft  per  minute.  A  margin  between  the  average 
Ah«ort>ed,  and  the  total  power  of  which  it  is  capable,  is  allowed  for 
cftac»  where  the  belt  is  required  to  start  with  a  considerable  amount  of 
vuaJ  upon  it,  or  to  take  the  load  if  coal  is  dumped  upon  it  very  freely, 
A3  (jttcn  happens. 

The  arrangement  is  extremely  efficient  for  the  purpose  for  which  it 
:«  mtcnded  ;  no  other  motive  power  could  have  been  used  in  this  case, 
and  tne  adoption  of  the  system  has  obviated  the  necessity  for  recoii- 
ur action  of  the  stailhs  for  a  very  considerable  time.  In  this  way 
tberc  has  been  a  great  saving  on  capital  expenditure. 

Antt^oal-buaktr. — The  more  modern  staiths  for  shipping  coal  at 
N'orth  Blyth  have  shown  another  defect  which  the  use  of  electric  power 
*.i4s  done  much  to  remedy.  The  staiths  are  very  high  and  coal  has  a 
K«ig  way  tudtup  into  the  holds  at  low  tide,  with  the  result  that  much 
aoJ  \%  broken,  and  its  value  iN  diminished  thereby. 

I  he  J n Lj -i.<Ml- brea ker  arraii>;c men t  consists  essentially  uf  a  system 
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of  buckets  balanced  to  run  over  the  suspended  shaft,  the  whole  being 
suspended  from  the  jib  of  an  electric  crane  fixed  on  the  upper  part  of 
the  staith.    Coal  from  the  ordinary  spout  is  run  into  the  buckets  on  one 


Fig.  2. — Sectional  View  of  Anti-coal-breaker,  showing  Method  of  Operation. 


side  of  the  chain,  and  these  are  carried  by  gravity  into  the  hold  of  the 
vessel,  where  they  are  emptied  and  the  buckets  begin  the  return 
movement  The  whole  arrangement  is  clearly  shown  by  Fig.  2.  The 
jib  crane  is  capable  of  carrying  S^  tons,  and  the  lifting  and  slewing 
motors  are  20  and  8  B.H.P.  respectively. 
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The  lifting  speed  is  25  ft.  per  minute.  As  will  be  seen  from  Fig.  3, 
the  speed  of  the  bucket  chain  is  capable  of  being  regulated  by  an 
aotomatic  centrifugal  brake  to  a  velocity  of  120  ft.  per  minute. 


Fic;.  3. — Centrifugal  Friction  Brake  for  Controlling  Automation y  Speed  of 
Anti-coal  Breaker. 


Ccal  Hotsts, — In  cases  where  the  ground-level  is  low,  coal  hoists  arc 
u<<tl  to  a  great  extent  and  also  coaling  jib  cranes. 

With   regard  to  coal  hoists  this  is  a  field    in    which    hydraulic 
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machinery  has  hitherto  been  universally  adopted.  The  wagons  are 
raised  by  a  hoist  and  tipped  by  means  of  another  ram  attached  to  the 
platform,  the  wagons  being  fitted  with  end  doors ;  the  wagon  is  then 
lowered  again  and  the  platform  lowered  to  a  high-level  empty  wagon 
road,  where  the  wagon  is  run  off  and  the  platform  lowered  to  the 
ground-level  for  another  full  wagon. 

Electrically  driven  coal  hoists,  which  perform  exactly  the  same 
operations,  have  recently  been  erected  at  Rothesay  Dock,  Clydebank, 
by  the  Clyde  Navigation  Trustees. 

In  some  cases  coaling  cranes  are  displacing  hoists,  or  are  being 


Lifting 

f\lULCYS 

GcAReb  TO  Tipping 
Motor 

Fig.  4. — Diagram  showing  the  Arrangement  of  Lifting  and  Tipping  Ropes  for 
85-ton  Electric  Cooling  Crane. 


provided  as  additions.  A  typical  example  is  the  25-ton  crane  installed 
on  H umber  Dock  Quay,  Hull. 

The  lifting  is  done  by  two  50-B.H.P.  motors,  both  coupled  to  the 
same  shaft,  and  controlled  by  a  series  parallel  controller — the  tipping 
motor  is  50  B.H.P.  and  the  slewing  motor  20  H.P.  Fig.  4  shows  the 
arrangement  of  the  ropes  for  lifting  and  tipping  the  wagons,  the  slack  of 
the  tipping  rope  is  taken  up  by  another  barrel,  which  is  geared  to  the 
lifting  barrel,  tlie  rope  being  taken  over  a  pulley  which  is  fixed  4o  two 
square  thread  screws.  These  screws  are  driven  by  the  tipping  motor 
and  draw  the  pulley  backwards  and  forwards,  thus  effecting  the  tipping 
motion. 

The  radius  of  this  crane  is  31  ft.,  the  height  of  jib  from  road-level  is 
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5^*  ft,  and  the  approximate  amount  of  coal  which  can  be  shipped  by 
Ihis  crane  is  230  tons  per  hour. 

Wltarf  Cranes. — For  loading  and  unloading  material  of  a  general 
kind  and  iron  ore,  etc.,  cranes  of  a  high  gantry  t)rpc  are  in  univen^l 
uic.  These  cranes  take  up  a  minimum  amount  of  space  on  the  quay, 
lad  allow  wagons,  etc.,  to  pass  under  them.  In  cases  where  a  ware- 
bou'kc  is  built  on  the  quay,  a  slight  alteration  is  made  by  having  one 
«de  of  the  gantry  running  on  the  quay  wall,  and  the  other  running  on 
a  girder  let  in  to  the  building.  This  still  enables  wagons  to  pass  under 
t^<  cranes  as  before. 

Cranes  of  the  high  gantry  type  are  in  use  at  various  docks,  those 
It  lliddlesbro'  and  Hartlepool,  on  the  North- Eastern  Railway  Company, 
being  capable  of  lifting  10  tons  and  3  tons  at  150  ft.  per  minute, 
li  tons  at  250  ft  per  minute,  and  slewing  at  400  ft.  per  minute. 

The  jib  radius  is  45  ft,  and  the  height  of  the  jib  top  from  the  quay- 
IcTcl  i\  60  ft  The  hoisting  gear  is  driven  by  a  50- H. P.  motor  at 
>o  revs,  per  minute,  and  is  geared  direct  to  the  barrel.  On  the  motor 
•haft  IS  fixed  a  band  brake  operated  by  a  special  electromagnet  in 
<tw\  with  the  armature  of  the  lifting  motor.  The  two  poles  of  the 
•aagnet  arc  similar  to  a  small  2-pole  dynamo  with  upright  poles,  and 
rcxi'lvmg  between  them  is  a  solid  steel  armature,  connected  by  a  lever 
t'j  the  brake  which  is  held  on  normally  by  weight. 

When  the  fields  arc  excited  and  motor  is  started  this  armature  turns 
throogh  90  and  raises  the  weight,  thus  releasing  the  strap.  The  brake 
can  ai<>o  be  operated  by  a  lever  near  the  controller,  so  that  lowering 
can  be  carried  out  without  the  power  being  applied  to  release  the 
brake.  The  slewing-gear  is  driven  by  an  8-B.H.P.  motor  at  1.000  revs, 
per  minute,  coupled  to  which  is  a  worm  driving  a  worm-wheel.  This 
9t4rs  with  a  spur-wheel  on  a  vertical  shaft,  carrying  the  driving 
puxKin  which  engages  with  a  circular  rack  fixed  on  the  top  of  the 
v«try. 

The  motor  is  controlled  by  a  foot  brake  on  the  motor  spindle. 
The  cranes  revolve  on  twenty-four  cast  steel  rollers.  A  universal 
u  atroUer  is  used  for  tx)th  motors. 

The  collector  gear  is  fixed  to  a  pillar  in  the  centre  and  cables  pass 
ttp  the  centre  column  and  are  attached  to  two  rings  mounted  on 
ambroin,  upon  which  are  bnishes  fixed  on  porcelain  insulators  attached 
to  the  cabin  floor,  and  from  which  wires  pass  to  the  controller. 

The  cranes  arc  moved  along  the  quay  wall  by  a  4-B.H.P.  motor  at 
^  ft  per  minute,  the  gearing  being  arranged  for  hand  working  if 
aeccvary,  each  side  being  driven  by  means  of  a  cross-shaft  and  bevel 
vbccls»  Current  is  taken  from  underground  mains  on  the  quay  which 
«e  connected  at  intervals  of  50  ft.  to  plug  boxes.  The  crane  plug  is 
bcU-%haped,  to  prevent  water  entering  the  t>oxes  whilst  the  cranes 
are  m  a«e,  and  can  only  t>e  attached  in  one  way,  so  that  the  correct 
Biotion  is  obtained. 

The  10-ton  cranes  arc  of  the  same  design  as  the  3- ton  cranes. 
Tbettftiog  motor  is  60  B.H.P.,  and  the  revolving  motor  is  12  B.H.P. 
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The  lifting  motor  in  single  gear  drives  directly  through  a  pinion  on 
to  the  barrel,  the  ratio  being  8  to  i,  and  a  double  part  of  rope  is  used. 
With  single  gear  loads  up  to  2 'tons  are  lifted,  and  double  gear  is 
provided  for  loads  over  2  and  up  to  to  tons. 

It  will  be  seen  that  in  these  cranes  when  lowering  the  motor  is  driven 
by  the  weight,  but  a  new  device  is  now  in  vogue  on  similar  cranes, 
patented  by  Messrs.  Stothert  &  Pitt.  The  lifting  barrel  is  not  keyed 
directly  to  the  shaft,  but  runs  loose  on  it,  and  is  connected  or  dis- 
connected by  a  friction  clutch.  The  barrel  shaft  carries  the  main  spur- 
wheel  rigidly  keyed  on  to  it,  and  this  spur-wheel  gears  directly  by 
single  reduction  with  the  pinion  attached  to  the  armature  spindle  of 
the  lifting  motor.  The  hand  lever  actuating  the  lifting  controller,  also 
actuates  an  electric  solenoid  which  controls  the  lifting  friction  coil 
clutch,  the  arrangement  being  such  that  on  moving  the  lifting  handle 
forward  from  the  off  position,  current  is  switched  on  to  the  solenoid, 
the  clutch  is  put  into  gear,  and  the  lifting  motor  started  simultaneously  ; 
after  the  clutch  is  in  gear  a  further  movement  of  the  lever  cuts  out 
resistance  and  speeds  up  the  motor.  Provision  is  also  made  of  a 
mechanical  connection  between  the  lifting  controller  handle  and  the 
coil  friction  clutch  as  an  alternative  to  the  electric  solenoid.  A  large 
friction  brake  drum  is  keyed  directly  on  to  the  lifting  barrel,  the  brake 
strap  being  lined  with  willow  blocks.  The  lifting  controller  does  not 
reverse  the  motor,  as  the  lowering  is  carried  out  independently  by  the 
loose  drum. 

The  great  advantage  of  this  arrangement  is  the  large  increase  in 
speed  of  working  both  in  lifting  and  lowering,  and  also  the  reduced 
liability  of  accident  to  the  motors,  owing  to  the  impossibility  of 
suddenly  stopping  the  armature. 

In  cranes  with  the  barrels  always  in  gear  with  a  reversible  motor, 
care  has  to  be  taken  to  check  the  lifting  motor  when  the  hook  is  a 
sufficient  distance  from  the  jib  head,  so  that  the  momentum  of  the 
revolving  armature  may  be  absorbed  before  the  hook  is  overwound  on 
the  jib  pulley,  with  the  possible  result  that  the  jib  itself  is  lifted  and 
the  tie  rods  bent.  With  the  system  described  above,  lifting  can  be 
continued  at  full  speed  and  the  load  brought  to  rest  instantly  by 
pulling  over  the  handle,  the  only  revolving  parts  which  have  to  be 
brought  to  rest  being  the  barrel  and  brake  drum,  which  have  com- 
paratively small  inertia  and  do  not  revolve  at  an  excessive  speed.  The 
great  gain  in  speed  is  in  lowering,  which  can  be  performed  at  a  vastly 
greater  speed  than  is  possible  by  a  reversible  motor,  there  being 
a  perfectly  free  run  out  under  the  control  of  the  foot  brake,  and  what 
is  of  equal  importance,  lowering  can  be  commenced  instantly  without 
perceptible  pause  from  lifting  at  full  speed  ;  the  lifting  armature  can 
continue  to  revolve  with  slackening  speed  during  the  period  of 
lowering,  and  then  comes  to  rest  quietly  without  shock.  As  a  matter 
of  practice  it  is  found  that  a  load  can  be  lowered  6o  ft.  before  the 
armature  has  ceased  to  revolve. 

Capstans, — It  is  unnecessary  to  deal  fully  with  capstans  as  these  are 
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well  known,  bat  at  Rothesay  Dock  a  special  capstan  has  been  designed 
by  Messrs.  Baxter  &  Dixon,  of  the  Clyde  Navigation  Trust,  in  which 
rhc  principal  feature  is  a  fixed  rope  and  loose  head.  A  wire  rope  is 
permanently  fixed  to  the  capstan  head,  which  is  made  to  run  loose  on 
the  spindle,  but  when  required  is  connected  to  the  spindle  by  a  clutch 
^idtng  upon  the  upper  end  of  the  spindle  inside  the  capstan  head. 

The  starting  switch  and  clutch  are  controlled  by  a  long  lever  which 
in  the  backward  position  releases  the  head  by  throwing  out  the  clutch 
and  in  the  other  direction  puts  in  the  clutch  and  operates  the  starting 


Flo.  5. — ^Typc  o(  Capstan  with  Fixed  Rope  and  Loose  Head. 

switch.  The  man  is  thus  free  to  work  his  starting  switch  in  an 
upright  position  and  sec  all  that  is  going  on,  as  against  one  foot  and 
two  hands.  In  places  where  a  number  of  wagons  have  to  be  drawn  up 
aod  used  ooe  at  a  time  as  in  a  coal  hoist,  this  is  a  very  good  arrange- 
iDent,  as  there  is  a  great  saving  in  ropes  and  no  wear  on  the  capstan 
head.  This  type  of  capstan  is  shown  by  Fig.  5.  The  saving  effected 
by  electric  capstans  is  sometimes  very  large,  and  in  some  cases  where 
they  have  displaced  steam  engines  on  staiths,  which  were  previously 
oeceasary  in  order  to  run  the  wagons  to  the  spouts  through  cross-over 
roads  etc. 
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Fig.  6.— Under-deck  Type  Capstan. 
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Electric  capstans  can  be  fitted  in  many  cases  where  other  forms 
could  not  be  used.  On  the  North-Eastern  Railway  Company's  staiths 
at  Donston  an  ander-deck  t)rpe  of  capstan  fixed  entirely  under  the  floor 
of  the  staiths  is  bein;;  experimented  with.  In  this  case  the  capstan  is 
ooC  furnished  with  the  usual  head,  the  rope  beinj;  carried  round  a 
horizontal  drum.  This  t)rpe  of  capstan  is  shown  by  Fig.  6.  The 
motor  is  a  30-B.H.P.  3-phase  motor,  running  at  770  revs,  on  a  circuit  of 
440  volts  40  <\j,  and  drives  by  means  of  a  pinion  a  first  shaft  which 
has  fixed  upon  it  a  friction  drive  for  operating  the  barrel  shaft.  The 
barrel  has  on  it  a  fixed  rope  which  passes  over  the  horizontal  drums 
placed  level  with  the  floor  of  the  staiths,  so  that  the  rope  may  work  in 
cither  direction  as  required  for  hauling  purposes. 

The  method  of  working  is  such  that,  when  the  treadle  is  depressed, 
the  !ktator  is  made  alive,  and  the  motor  brought  up  to  speed  by  cutting 
resistance  out  of  rotor  circuit ;  at  the  same  time  the  band  brake  is 
released,  the  friction  clutch  engages  with  its  drum,  and  the  rope  is 
wound  round  the  barrel. 

WTien  the  treadle  is  released  the  clutch  allows  the  rope  barrel  to 
<top  immediately,  and  the  momentum  of  the  motor  is  pulled  up 
gradually  by  the  band  brake.  This  is  a  very  essential  point,  as  the 
wagons  are  drawn  down  a  slight  decline  over  the  cross-over  roads  to 
the  spouts,  and  each  wagon  must  be  stopped  immediately  over  them  ; 
otherwise,  if  they  run  past,  the  whole  train  of  wagons  must  be  hauled 
back  up  the  gradient. 

The  motor  is  only  operated  in  one  direction,  the  drum  running 
freely  when  slack  rope  is  needed,  which  is  drawn  off  by  hand  as 
required  according  to  the  number  of  wagons  to  be  hauled. 

Elcctric-drivm  Hydraulic  Pumping  Plant, — Any  new  dock  which 
maybe  built  would  probably  be  fitted  with  electrical  power  throughout, 
as  at  Rothesay  Dock,  Fishguard,  etc..  but  it  cannot  be  expected  that  the 
hydraulic  plant  in  use  at  an  old  dock  should  be  pulled  out  and  repbced 
by  electrically  driven  machinery  until  worn  out. 

An  improvement  can,  however,  be  made  by  installing  electrically 
dri%t;n  hydraulic  pumps  supplied  by  power  from  a  power  company  and 
working  these  automatically.  This  method  does  away  with  all  l>oiler- 
bou^  expenses,  leaving  practically  only  the  engine-room  staff  to  operate 
the  pumps. 

A  change  of  this  kind  is  at  present  being  made  at  Tync  Dock,  where 
three  engines  and  five  boilers  are  being  replaced  by  four  electrically 
driven  pumps  with  3-phase  motors  of  132  B.H.P.  each.  These  drive 
3-throw  crank  pumps  through  a  flexible  coupling.  Each  motor  is 
provided  with  a  3-phase  automatic  starting  switch  driven  by  a  small 
motor  1',  H.P.,  which  is  connected  l>etween  two  of  the  phases  and 
brought  into  action  by  a  switch  attached  to  the  accumulator. 

Fig.  7  shows  a  full  diagram  of  connections  for  this  starting  switch, 
the  method  of  working  being  as  follows  ; — 

Each  automatic  switch  is  connected  to  the  mains  through  a  3-pole 
%wttch  If,  which  has  a  no- voltage  release  and  is  fixed  on  a  separate 
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switchboard.  From  this  switch  one  main  passes  direct  to  the  motor, 
whilst  the  other  two  pass  through  a  magnetic  blow-out  switch  fixed  to 
the  auto-starter,  and  operated  by  cam  X.  The  circuit  for  working  the 
auxiliary  motor  is  coupled  to  two  phases  on  the  live  side  of  switch  M. 

Current  passes  along  wire  N,  through  overload  relay,  to  cams  marked 
W„  W3,  W3,  which  make  and  break  contact  with  points  i,  4,  and  3  as 


On'       \Off 
Fig.  7  — Automatic  3-phase  Starting  Switch.    Diagram  of  Connections. 


required.  In  starting,  current  passes  down  No.  i  to  the  operating 
switch  on  the  accumulator,  and  as  the  accumulator  is  down  passes  to 
No.  2  on  the  switch,  across  to  No.  4  on  switch  M,  from  this  point  to 
No.  4  on  the  starting  switch  through  the  auxiliary  motor,  and  on  to  the 
other  phase.  The  auxiliary  motor  now  runs  and  drives  the  rotor  switch, 
cam  X,  and  cams  W,,  W^,  W3. 

This  closes  stator  switch  and  No.  4  wire  by  cam  W3,  No.  i  is  then 
opened  by  cam  W„  the  auxiliary  motor  continues  to  run  through  No.  4 


Km*.  8.  — 3-phasc  AuUnnatic  Starting  Switch,  showinj;  Arranjjemcnt  of  Auxiliar>' 
Motor  and  Overload  Kclav. 


Fio.  9.— 3-phasc  Automatic  Starting  Switch,  showing  Position  of  Magnetic 
Blow-out  for  Rotor  Circuit  Switch. 
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w-ire  contact  until  all  resistance  is  cut  out  of  rotor  circuit,  when  cam 
\V,  opens  contact  No.  4  and  puts  in  contact  No.  3.  This  operation 
s-ti^ps  the  auxiliary  motor  until  the  pump  raises  the  accumulator 
^ufticicntly  high  to  change  over  the  operating  switch  to  the  off 
position,  thus  putting  the  auxiliary  motor  again  into  circuit  and 
rr%uh4ng  the  rotor  switch  to  the  off  position,  and  opens  the  stator  switch 
hy  cam  X.  On  switch  M  is  a  contact  No.  3,  which  is  used,  in  case  of 
failure  of  supply,  to  prevent  damage  when  supply  is  resumed.  When 
sapply  fails  switch  M  opens,  putting  contacts  3  and  4  in  connection 
»ith  each  other  ;  thus,  when  the  power  is  again  put  on,  current  can 
pa^s  to  the  auxiliary  motor  by  way  of  cam  W3,  through  3  and  4  on 
^mitch  If  to  auxiliary  motor,  revolving  automatic  switch  to  the  off 
position  immediately,  and  preventing  switch  M  being  closed  with  all 
rcMstancc  out. 

Between  arms  B,  and  B,  is  coupled  an  automatic  magnetic  blow-out 
coti  which  is  opened  and  closed  in  conjunction  with  the  automatic 
switch  to  prevent  sparking  on  the  rotor  switch.  Figs.  8  and  9  show 
ditfercnt  views  of  this  automatic  switch. 

Other  machinery  at  this  power  station  comprises  two  centrifugal 
pomps  driven  by  8-B.H.F.  motors,  which  are  operated  by  similar 
starting  switches.  These  pumps  are  used  for  pumping  the  return 
«^ter  from  a  well  at  the  lowest  point  of  the  dock  up  into  tanks 
near  the  accumulators. 

Discrssiox  IX  Londox. 

Mr.  RooER  T.  Smith  :  I  think  both  of  these  papers  are  most  Mr.  Smith. 
interesting,  not  only  to  electrical  engineers,  but  to  railway  men,  as 
lowing  the  amount  of  electrical  working  of  railway  apparatus  that 
I'i  being  carried  on  by  one  progressive  company.  There  is  only  time  to 
rcicT  to  a  few  of  the  many  interesting  points  in  the  papers.  I  should 
bkc  first  to  draw  attention  to  the  lifting  speeds  of  the  various  cranes 
referred  to  in  the  first  paper.  The  underhung  revolving  jib  crane 
at  New  Bridge  Street  hoists  at  150  ft  per  minute,  and  the  height  of 
the  book  alx>ve  the  rail  is  about  30  ft.,  so  that  it  cannot  lift  a  load  more 
than  about  I3  (L  That  means  that  t  ton  is  lifted  at  that  speed  in  rather 
le%<  than  5  seconds.  As  the  average  load  would  be  something  like 
}  too.  It  appears  to  me  that  this  is  very  much  too  fast,  and  that 
the  motor  would  always  be  running  on  its  resistance,  and  would 
oercr  get  on  to  its  own  proper  curve.  Probably  the  speed  should 
be  50  ft.  per  minute  instead  of  150  ft.,  and  in  that  case  the  motor 
could  have  been  reduced  from  15  H.P.  to  6  H.P.  The  travelling  hoists 
at  New  Bridge  Street,  which  lift  from  the  rail  to  the  roof,  hoist  i  ton 
7r>  f t  at  150  ft  per  minute.  That  means  that  i  ton  is  lifted  in  about 
lA  seconds.  This  would  seem  to  be  slow,  and  it  would  have  been 
better  if  the  speed  had  been  200  or  even  350  ft.  per  minute  instead  of 
1 50  ft  per  minute.  The  jiggers  described  at  New  Bridge  Street,  also 
fafting  from  rail  to  roof,  hoist  }  ton  70  ft.  at  100  ft  per  minute.  That 
u  that  i  too  is  lifted  in  about  40  or  43  seconds.    This  might  very 
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Mr  Smith.  well  have  been  200  ft.  per  minute  ;  and  I  should  like  to  ask  the 
author  if  the  apparatus  was  re-specified  whether  these  lifting  sp>eeds 
would  not  be  altered  with  advantage.  The  travelling  and  traverser 
speeds  appear  to  me  to  be  good. 

The  underhung  jib  travelling  type  of' crane  described  in  this  paper 
and  the  travelling  hoists  seem  excellent  arrangements.  Imitation  is 
the  sincerest  form  of  flattery,  and  after  reading  this  paper  it  vrzs 
arranged  that  Great  Western  officers  should  go  with  me  to  Newcastle 
to  see  the  New  Bridge  Street  machinery.  The  result  is  that  the  under- 
hung travelling  jib  crane  is  now  being  specified  for  a  new  goods  station 
on  the  Great  Western  Railway. 

Another  very  excellent  arrangement  is  the  interlocking  provided  for 
the  jigger  lift  controllers  at  this  warehouse.  As  described,  it  is  entirely 
mechanical  and  quite  satisfactory.  Passing  to  another  point,  I  should 
like  to  refer  generally  to  the  design  of  electric  capstans.  In  the  first 
place,  the  capstans  described  pull  i  ton  at  250  ft.  per  minute,  and 
allowing  about  85  per  cent,  efficiency  for  the  gearing,  the  B.H.P.  would 
work  out  at  20.  The  B.H.P.  is  stated  to  be  26,  and  I  wish  to  ask  the 
author  if  the  reason  for  having  such  a  much  larger  rated  capacit)'  than 
seems  necessary  is  due  to  the  fact  that  the  motor  is  a  compound-wound 
motor.  The  author  has  given  some  very  interesting  particulars  as  to 
his  ideals  of  an  electric  capstan.  With  most  of  them  I  agree,  but 
I  would  go  a  little  further.  I  would  say,  in  the  first  place,  that  as 
sweating  is  absolutely  inevitable  in  a  capstan  (the  first  function  of  the 
capstan  box  as  constructed  being  apparently  to  sweat),  all  fine  wire 
coils  should  be  done  away  with,  and  the  gear  driven  by  a  series  motor. 
Increased  torque  with  decreased  speed  in  the  series  motor  is  what  is 
wanted  for  capstan  working.  Then,  secondly,  I  quite  agree  that  the 
treadle  should  only  close  a  main  switch  opened  by  a  spring  or  counter- 
weight, and  the  switch  apparatus  shown  working  seems  to  me  to  be 
admirable  in  every  respect.  Then  there  must  be  some  sort  of  resist- 
ance in  series  with  the  motor,  and  that  should,  in  my  view,  be  cut  out 
quite  independently  of  the  switch,  either  mechanically  or  electrically, 
but  preferably  mechanically-  Then  a  brake  is  required  to  prevent  the 
series  motor  running  away  when  it  is  unloaded,  which  might  be  put 
on  either  electrically  or  mechanically,  but  preferably  mechanically, 
possibly  by  such  an  apparatus  as  described  in  Mr.  Taylor's  paper, 
where  the  anti-coal-breaking  buckets  are  controlled  by  a  centrifugal 
brake.  Then  the  capstan  head  should  be  driven  direct  by  worm-gear- 
ing, the  worm  being  cut  at  such  a  low  angle  (less  than  10°)  that  the 
capstan  head  tends  to  pull  itself  up.  If  possible  the  overload  circuit 
breakers  should  be  outside  the  box  altogether,  so  that  when  they  open 
they  can  be  reset  easily  by  hand.  This  is  not,  of  course,  always  possible 
where  cables  are  laid  underground ;  but  if,  as  in  many  cases  in  railway 
work,  the  cables  are  overhead,  the  circuit  breakers  can  easily  be  put  on 
the  posts.  Then,  lastly,  I  should  like  an  electric  heater  inside  every 
capstan  box,  with  proper  ventilation  holes,  the  whole  of  the  inside  of 
the  box  and  cover  being  lagged  so  as  to  prevent  sweating  as  far  as 
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possible.  The  author  described  in  a  very  few  words  a  most  interesting  Mr.  Smith. 
movay  in  the  Forth  Banks  warehouse,  which  serpentines  in  and  out, 
and  that  was  to  me  so  interesting  that  I  went  to  Newcastle  to  see  it, 
k>ecau<«  I  believe  that  the  travelling  underhung  jib  cranes  of  the  sort 
described  in  this  paper  and  runways,  with  travelling  pulley  blocks,  are 
going  to  oust  the  fixed  jib  crane  altogether  from  goods  warehouses  and 
Ntatioos.  I  cannot,  however,  congratulate  the  author  on  the  electrical 
arrangement  of  that  runway.  The  whole  of  the  lattice  work  is  alive, 
and  it  appears  to  me  to  be  an  arrangement  similar  to  one  in  which  if  a 
tramway  were  being  carried  across  a  bridge  the  whole  of  the  bridge 
were  to  be  electrified  and  electricity  collected  from  the  top  booms.  I 
do  not  think  that  is  either  necessary  or  advisable.  Then  a  very 
magnificent  wagon  hoist  was  shown  and  described.  It  is  an  ingenious 
and  very  fine  piece  of  apparatus ;  but  would  it  not  have  been  far 
umpler  and  cheaper  to  have  had  a  flat  or  troughed  band  conveyor 
irom  the  lop  level  down  to  the  t)Ottom — the  process  being  to  unload 
the  goods  on  to  the  conveyor  and  run  them  into  the  warehouse  under- 
neath, instead  of  going  to  the  expense  of  lifting  and  lowering  the 
wagon  weight  as  well  ? 

Tnmtng  to  Mr.  Taylor's  paper  for  a  few  minutes,  the  description 
1^  the  Tyne  Dock  coal  conveyor  is,  I  think,  a  striking  tribute  to  the 
economy  o^  conveying  as  opposed  to  shipping  by  jib  cranes  or  tipping 
bocUs.  Quoting  from  the  paper,  to  ship  500  tons  of  coal  per  hour 
requires  the  continuous  use  of  a  i6-B.H.P.  motor  running  at  an  average 
.iutpot  oi  12  B.H.F.,  that  is,  500  tons  per  hour  for  16  B.H.P.  installed. 
From  the  desicription  of  the  hoisting,  lifting,  and  tipping  cranes,  230 
tuos  per  hour  are  lifted  and  tipped,  requiring  the  intermittent  use 
c4  120  B.H.F.  in  two  motors.  With  at)Out  eight  times  the  amount  of 
po«-cr  installed  less  than  half  the  amount  of  coal  is  deUvered.  I  have 
worked  out  the  brake  horse-power  required  in  two  of  the  most  modern 
lip>  tn  the  Alexandra  Dock,  South  Wales,  using  hydraulic  power.  They 
deal  with  400  tons  of  coal  per  hour,  and  require  50  B.H.P.  at  the 
tipping  and  about  100  I.H.P.  in  the  pumping  station.  This  shows, 
and  the  paper  points  out,  wtiat  an  economy  tliere  is  in  capital  cost  in 
the  Ohc  oi  conveyors  for  dealing  with  coal,  and  the  working  costs  are 
also  »o  economical  that  I  am  very  sure  that  before  long  conveyors  for 
fthipptng  coal  into  vessels  will  be  used  to  a  much  larger  extent  thau  at 
prcMmt.  The  enormous  maximum  power  required  for  cranes  is  a  very 
important  point  where  a  dock  has  its  own  generating  station,  the  load 
factor  of  cranes  being  very  t>ad.  At  the  Fishguard  Harbour,  referred 
to  by  the  author,  during  last  year  the  annual  load  factor — that  is,  the 
amount  o^  work  done  compared  with  the  amount  which  could  be  done 
by  the  plant  installed  ^excluding  spares)  working  at  full  load  during  the 
vhole  oi  the  >xar — comes  out  at  9  per  cent,  for  both  hghting  and 
power,  and  the  annual  load  factor  for  eleven  cranes  alone  to  only 
5-3  per  cent  The  conveyor  described  would  probably  have  an  annual 
kad  factor  of  something  near  30  per  cent.,  and  the  difference  in  the 
ccooomy  of  workmg  in  this  way  can  very  well  be  imagined.     There 
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Mr.  Smith.  2ire  One  or  two  questions  I  should  like  to  ask  the  author,  if  there  is  still 
time.  One  is  with  regard  to  the  material  of  the  belt  used  in  the  con- 
veyor. It  looks  from  the  drawing  as  if  it  were  a  series  of  plates,  but 
I  think  the  speed  is  put  down  as  loo  ft.  per  minute,  and  that  seems 
rather  fast  for  a  plate  belt  to  run.  I  should  like  to  know  whether  it 
is  a  plate  belt  or  whether  it  is  a  rubber  belt.  Then  I  also  wish  to  ask 
whether,  in  the  anti-coal-breaking  arrangement,  there  is  any  trouble 
with  the  centrifugal  brake  that  controls  the  speed.  I  might  also  refer 
to  the  3-phase  electrically-driven  centrifugal  pumps  just  touched  on 
by  the  author.  I  happened  to  be  at  the  works,  where  they  were 
being  tested  before  they  were  delivered  to  the  North  Eastern  Railway. 
They  are  centrifugal  pumps  with  a  single  impeller,  but  with  a  sp)ecial 
arrangement  by  which  eddy  currents  in  the  water  are  prevented  and 
velocity  reduced  to  pressure  entirely  outside  the  pump.  The  instan- 
taneous efficiencies  of  those  pumps  come  out  at  80  per  cent.  I  do  not 
mean  to  say  that  they  worked  steadily  at  80  per  cent,  efficiency,  but 
it  was  occasionally  reached.  I  believe  that  is  the  highest  recorded 
efficiency  for  a  single  impeller  pump,  not  being  a  turbine  pump,  that 
has  ever  been  obtained. 

Mr.  Nceie.  Mr.  C.  W.  Neele  :    I  should  like  to  ask  Mr.  Henderson  if  there  arc 

any  safety  switches  or  circuit  breakers  provided  in  connection  with 
these  jib  cranes  to  prevent  overwinding.  On  the  railway  with  which 
I  am  connected — the  Great  Central  Railway — we  have  installed  several 
electric  cranes,  and  the  great  difficulty  we  have  had  with  them  is  on 
account  of  their  very  small  head-room  or  maximum  lift.  I  do  not  know 
if  these  drawings  are  to  scale,  but  if  Fig.  4  is  to  scale  the  clearance 
between  the  jib  and  and  the  rail  level  gives  only  about  12  or  13  ft. 
head-room.  The  ordinary  high-sided  wagon  is  7  ft.  from  the  rail  level 
to  the  top  of  the  wagon  side.  Allowing  2  ft.  for  the  weight  and  the 
hook,  that  leaves  3  or  4  ft.  to  take  the  load  over  the  top  of  the  wagon 
side,  altogether  independent  of  any  chain  slings,  and  it  appears  to  mc 
that  cranes  can  be  of  very  little  use  in  that  position.  We  have  installed 
some  cranes  at  our  Liverpool  warehouse  which  have  a  clearance  of 
18  ft.  I  provided  safety  switches  to  prevent  overwinding,  but  we  found 
these  had  to  be  done  away  with  because  we  could  not  lift  the  load  over 
the  side  of  the  wagon.  These  cranes  have  to  handle  very  big  packages, 
4,  5,  and  sometimes  6  ft.  in  height,  with  the  consequence  that  we 
were  continually  getting  broken  ropes.  The  crane  boys  in  endeavour- 
ing to  get  the  load  on  to  the  wagon  used  the  jib  of  the  crane  as  a  lever 
to  try  and  jerk  or  pull  the  load  over  the  side  of  the  wagon,  with  the 
result  that  we  had  broken  teeth  in  the  slewing  rack,  broken  slewing 
racks,  and  even  the  shaft  of  the  slewing  pinion  has  sheared  right  off. 
The  authorities  in  our  goods  department  are  asking  for  speeds  of 
100  ft.  and  over  for  lifting,  even  on  these  short  lifts,  and  with  a  view  to 
minimising  the  danger  of  overwinding  I  have  been  specifying  in  con- 
nection with  some  cranes  we  are  about  to  instal,  taper-winding  barrels, 
so  that  the  load  can  be  lifted  at  the  maximum  speed  at  the  commence- 
ment, and  gradually  decrease  until  when  it  gets  close  up  to  the  top  of 
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tbc  lift  it  is  at  its  minimum  speed,  so  that  the  load  may  be  more  easily  Mr.  Nceic. 
hAodlcd  and  *'  nursed  "  near  the  top  of  the  lift.  It  seems  to  me  that 
what  is  very  badly  wanted  is  a  more  sensitive  controller.  Liquid 
colltroUer^  meet  the  difficulty  to  a  certain  extent,  but  they  are  not 
altogether  satisfactory  ;  but  I  consider  there  is  a  lot  of  room  for  a 
really  sensitive  controller  which  would  be  more  akin  to  the  control  of 
hrdraotic  cranes. 

Mr,  C.  F.  H.  Bavly  :  I  have  had  to  deal  with  several  capstans  on  Mr.  Bayly, 
a  certain  railway,  and  it  seems  to  me  that  they  are  in  general  of  awkward 
dcMgn.  So  little  room  is  usually  left  in  the  capstan  pit  that  it  is  almost 
unposMble  to  get  into  the  pit  to  do  repairs.  Another  point  which 
Ur.  Henderson  mentioned  was  the  heavy  lids  which  create  difBculties. 
The  wires,  switches,  controllers,  and  other  things  that  are  put  in  are 
often  exceedingly  fragile,  and  with  the  continued  damp  the  insulation 
breaks  down  and  the  wires  rot  away.  A  few  more  shillings  spent  in 
potting  substantial  materials  into  capstan  pits,  instead  of  cutting  them 
dovn  to  the  theoretical  Umit,  would  be  amply  repaid  by  immunity  from 
breakdown.  Another  criticism  I  should  like  to  make  with  regard  to 
to  these  capstans  is  the  difficulty  of  keeping  one's  foot  on  the  pedal 
when  there  is  a  strong  spring  or  counterweight  acting  against  one  and 
of  having  to  handle  the  rope  at  the  same  time.  It  is  necessary  to  get 
a  certain  weight  on  the  rope  to  get  the  drum  to  bite,  and  it  is  very 
awkward  to  keep  the  weight  on  the  pedal  at  the  same  time.  The 
anriliary  switch  shown  by  the  authors,  provided  it  does  not  open 
circuit  until  nearly  at  the  top  position,  with  a  large  foot-plate  sinking 
flush  in  the  ground,  would  be  a  great  improvement  on  the  usual  pattern. 
Mr.  Smith  has  referred  to  the  question  of  speed  in  connection  with 
craocs.  I  think  it  is  a  mistake  to  put  too  high  a  speed  on  capstans.  One 
of  oor  capstans  had  a  speed  of  270  ft  a  minute,  and  we  found  it  impos- 
^Me  for  the  man  to  draw  the  rope  from  the  barrel  at  such  a  high  speed. 
It  was  practically  a  waste,  because  it  was  found  necessary  to  have  one 
man  to  stand  on  the  pedal  while  another  man  walked  away  with  the  end 
of  the  rope 

An  objection  to  the  use  of  series  motors  in  capstans  is  the  high  speed 
with  which  they  pick  up  the  slack  of  the  rope,  causing  a  snatch  as  the 
kxKl  comes  on  which,  owing  to  the  inertia  of  the  armature,  etc.,  may 
scTcrely  te:>t  the  rope, 

Mr.  R,  H.  Waite  (communicaUd):  I  note  that  Mr.  Taylor  makes  Mr.  Waiie. 
rcfcrenoe  to  the  arrangement  adopted  by  Messrs.  Stothert  &  Pitt,  in 
connection  with  the  crane  barrel,  and  I  think  this  is  a  decided  advan- 
taj^,  especially  for  lowering  purposes,  but  I  do  not  quite  agree  with  the 
anthor  that  any  extra  care  need  be  exercised  with  a  crane  with  the 
hiting  barrel  alij^-ay^  in  gear  with  a  reversible  motor  ;  for  if  no  protective 
i«  n>cd  to  interrupt  the  current  and  so  to  apply  the  electromagnetic 
brake  at  a  certain  point  (thus  taking  the  matter  out  of  the  drivers  hands), 
the  inertia  would  be  practically  nil,  if  the  electromagnetic  brake,  which 
It  i^  assumed  is  included  in  every  electric  crane  equipment,  is  properly 
ad;tt»ted. 
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Discussion  at  Newcastle-upon-Tyne,  January  13,  1908. 

Mr.  F.  O.  Hunt  :  With  reference  to  the  control  of  jiggers  by  wire 
Mr.  Hunt.  j-Qp^  ^s  described  by  Mr.  Henderson,  I  think  a  better  and  more  direct 
way  wouW  be  a  system  of  electrical  multiple  control  similar  to  that  used 
for  push-button  electrical  lifts.  As  regards  the  electric  capstans  in  out- 
door situations,  owing  to  temperature  changes,  moisture  must  condense 
inside  of  them.  It  is  also  very  difficult  to  make  contacts,  etc.,  in  an 
undergound  chamber  below  capstans,  and  therefore  the  control  gear 
ought  to  be  above  ground  on  a  pole  or  pillar  near  at  hand  whenever 
possible. 

Turning  now  to  the  block  and  fall  system  for  raising  wagons,  the 
makers  have  not  made  use  of  the  best  point  in  this  method,  namely, 
that  one  cannot  lift  the  cage  above  a  certain  point.  The  great  draw- 
back in  this  arrangement  is  the  reverse  bend  in  the  steel  ropes,  which 
causes  them  to  wear  out  very  quickly. 
Anderson.  Mr.  J.  A.  AxDERSON  :  Can  Mr.  Henderson  give  any  figures  in  regard 

to  the  units  consumed  'and  kilowatt  demand  for  the  whole  warehouse  ? 
The  figures  would  add  greatly  to  the  value  of  the  paper.  From  some 
of  his  remarks  I  judge  that  some  trouble  has  been  experienced  with 
the  capstan's  motors.  Was  the  trouble  confined  to  the  starting-gear,  or 
were  the  commutators  affected  by  any  improper  use  of  the  starter  ?  As 
the  load  is  not  usually  applied  to  the  capstan  before  it  is  running  full 
speed,  I  see  no  reason  why  the  man  operating  on  the  rope  has  to  keep 
his  foot  on  the  pedal.  The  starter  can  be  made  so  that  that  pedal 
will  stop  in  position  when  the  resistance  is  all  cut  out.  There  is 
no  reason  why  the  operator  should  interfere  with  the  starter  while 
operating  with  the  rope. 

Are  the  circuit  breakers  in  general  use  for  all  motors  in  the  ware- 
house, or  is  their  use  only  confined  to  capstans?  In  my  experience 
with  cranes,  circuit  breakers  on  each  motor  are  a  luxury,  and  are,  as  a 
rule,  tied  up  by  the  craneman.  With  regard  to  the  wagon  hoist, 
I  think  a  simpler  arrangement  could  have  been  adopted  if  liquid 
resistance  had  been  employed. 

A  direct-current  supply  is  generally  considered  an  ideal  one  for  such 
a  place,  but  a  good  deal  can  be  said  in  favour  of  a  3-phase  supply.  It 
would  be  rather  interesting  to  lay  out  a  scheme  for  a  3-phase  supply 
and  compare  the  two.  In  regard  to  the  overhead  travellers,  the  wiring 
would  be  more  complicated  for  3-phase  motors.  It  could,  however,  be 
simplified  somewhat  by  using  squirrel-cage  motors  for  all  motions, 
except  hoisting,  and  starting  them  direct  off  the  mains,  by  means  of 
throw-over  reversing  switches.  This  method  has  been  adopted  success- 
fully in  some  instances  on  Tyneside  ;  the  motors,  however,  may  have  to 
be  slightly  larger  to  get  the  necessary  starting  torque.  In  regard  to  the 
wagon  hoist,  1  am  not  quite  clear  as  to  the  arrangement,  but  I  do  not 
think  there  can  be  many  difficulties  in  the  way  of  adopting  3-phase 
motors.  The  control  in  this  case  might  be  operated  by  means  of  low- 
pressure  current  obtained  from  a  small  transformer. 

In  regard  to  the  capstans    they  would  undoubtedly   be  better  m 
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every  way  if   driven  by  3-phase  motors,  and  as  far  as  I  can  sec,  Mr 
squirrel-cage  n^otors  might  be  adopted,  and  they  could  be  started  up        *'**°* 
before  the  load  was  applied.   In  regard  to  the  remaining  plant,  squirrcl- 
c»gc  motors  could  be  adopted  for  all  motions  except  hoisting. 

Taking  all  together.  3-phase  installation  would  not  cost  any  more 
tlian  in  the  6rst  instance,  the  extra  cost  for  wiring  would  be  more  than 
covered  by  the  saving  in  the  cost  of  motors.  The  efficiency  might  be 
reduced  a  little,  Iwit  this  would  be  amply  compensated  by  reduced 
ntaintainancc  and,  what  is  just  as  important,  fewer  stoppages  and  less 
wxjcTv  to  the  staff. 

Mr.  C.  Faraday  Proctor  :  I  should  like  to  ask  if  any  special  pre-  Mr.  Proctor. 
cautioa  has  been  taken  against  damp  in  using  fibre  insulations. 

Mr.  E.  P.  HoLLis  :  I  should  like  to  know  the  speed  of  the  capstans,  M^ 
aiv>  the  speed  of  the  motors  driving  them.    Do  the  capstans  rotate 
fast  enough  to  permit  of  a  direct  drive  ? 

With  reference  to  the  motors.  Why  were  they  chosen  compound- 
wcwnd,  and  why  was  the  series  winding  wound  on  separate  poles, 
which,  I  suppose,  are  not  commutating  poles  ?  Do  these  motors  run 
sporUessly?  I  should  like  to  know  what  kind  of  load  factor  is 
obtiincd  in  this  class  of  work.  The  preference  for  direct-current 
over  alternating-current  working  given  here  is  indeed  remarkable. 
In  my  experience,  people  who  have  had  both  direct-current  and 
alternating-current  cranes  highly  favour  the  latter,  and  when  the 
former  want  replacing  alternating-current  cranes  will  be  installed. 

Mr.  H.  W.  Clothier  :  The  paper  points  to  the  possibility  of  effect-  ^^j^ 
mg  remarkable  economies  by  electric  driving  of  cranes,  etc.,  in  railway 
warehouses.  In  the  case  quoted  the  cost  of  working  was  reduced  from 
^C^oo  to  j£i5o,  and  this  is  only,  as  it  were,  a  patched-up  job,  in  which 
the  existing  hydraulic  cranes  are  retained,  and  driven  by  new  electric 
motors.  It  b  rather  a  pity  that  the  very  complete  electric  equipment 
at  New  Bridge  Street  has  not  been  in  use  long  enough  for  the  publica- 
tioo  of  results,  l)ecause,  relatively,  these  should  show  very  great  saving 
m  working  costs.  It  would  also  be  interesting  to  know  how  many  thou- 
nxKls  of  pounds  the  North-Eastern  Railway  has  saved  in  initial  costs  of 
boilding  and  plant  by  adopting  electric  driving.  To  judge  from  the 
paper  and  plans,  this  should  amoujit  to  a  very  sul>stantial  sum. 

With  regard  to  electric  capstans.  I  confess  to  having  made  one  once 
Bodcr  circamstances  which  called  for  strict  economy  m  the  making. 
The  motor  was  scries  wound,  thus  being  simpler  in  connection  than 
the  aotbor^b  compound  motor.  The  deep  tanks  mentioned  in  the  paper 
are  costly  and  more  cumbersome  to  handle,  and  I  think  that  quite  a 
ffjod  job,  ao  far  as  inspection  and  repairs  arc  concerned,  can  be 
obtaiocd,  as  on  my  capstan,  by  pro\nding  four  long  set-screws  through 
the  flange  of  the  top  plate  by  which  the  whole  can  be  raised  two  or 
three  feet  from  the  ground-level.  The  parts  which  require  regular 
jttcotion — ttot  i^  the  brushes,  the  bearings,  and  the  gear-box — were 
Acce««iblc  by  the  removal  of  manhole  covers.  The  idea  of  the  starter 
wa*  very  smiple.      It    consisted    of    an  iron  cylinder,  fitted   with  a 
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light  piston  floating  in  mercury  and  directly  coupled  with  the  treadle. 
When  the  latter  was  pressed  down  by  the  foot  the  motor  circuit  was 
closed  through  the  starting  resistance  and  the  mercury  was  forced  to 
the  top  of  the  float,  from  whence  it  passed  through  a  hole  and  gradually 
filled  another  chamber  in  which  the  steps  of  the  rheostat  were  placed, 
and  incHned  so  that  the  mercury,  in  rising,  gradually  cut  out  the 
startling  resistance.  When  the  foot  was  released  from  the  treadle  the 
float  would  rise  automatically  and  the  motor  circuit  was  opened.  There 
was  room  for  improvement,  but  it  worked. 

Mr.  W.  Cross  :  I  would  point  out  the  difficulty  of  getting  at  the 
electric  capstans  as  compared  with  the  arrangement  of  hydraulic 
capstans,  where  all  the  gear  is  fixed  to  the  lid  of  the  tank  and  can  be 
slewed  round  for  inspection.  I  think  the  switchgear  seems  rather 
complicated. 

Mr.  R.  M.  Longman  :  I  should  like  to  ask  if  sparking  occurs  on  the 
compound-wound  capstan  motors  through  having  the  shunt  and  series 
winding  on  separate  poles  ?  Can  the  author  give  us  some  information 
as  to  cost  of  upkeep  of  the  special  switch  shown  ?  I  should  like  to 
know  the  reasons  for  adopting  direct  current  instead  of  3-phase. 

Mr.  J.  Pigg  (the  Chairman) :  The  design  of  the  warehouse  wa^i 
settled  some  years  ago  and  the  contracts  were  placed,  and  in  spite 
of  the  advance  of  3-phase  work  the  direct  current  has  been 
adhered  to. 

Discussion  at  Newcastle-upon-Tyne,  February  24,  1908. 

Mr.  C.  Faraday  Proctor  :  With  reference  to  the  cranes  illustrated 
and  described  by  Mr.  Taylor,  does  not  the  free  run-out  with  only  the 
foot-brake  control  allow  of  too  great  speeds  in  the  drop  and  heavy 
strains  on  the  crane  when  the  brake  is  applied  ?  It  used  to  be  con- 
sidered dangerous  to  attach  a  rope  direct  to  the  capstan  head,  as  the 
accidental  starting  might  cause  serious  results.  It  is  now  the  practice 
to  take  two  turns  of  rope  round  the  bollard  and  start  the  movement  by 
pulling  the  loose  end. 

Mr.  W.  A.  Clatworthy  :  I  should  like  to  ask  whether  the  fact  that 
practically  the  same  horse-power  is  absorbed  by  the  conveyors  at  any 
inclination  does  not  show  that  the  bulk  of  the  power  is  used  in  over- 
coming mechanical  friction. 

Mr.  J.  P.  Sleigh  :  The  height  through  which  the  coal  was  lifted  was 
not  recorded  in  the  test,  and  therefore  one  could  not  determine  the 
efficiency  of  the  gear.  I  should  like  to  know  if  the  figure  of  0*017  units 
per  ton  was  high  or  low. 

Mr.  A.  H.  Law  :  The  installation  is  driven  by  3-phase  motors,  but 
I  think  continuous-current  motors  would  be  much  better.  I  should 
like  to  know  how  the  motors  were  controlled. 

Mr.  J.  H.  C.  Brooking  :  With  reference  to  the  plug  boxes,  if  they 
are  level  with  the  quay  they  get  full  of  dirt  as  the  cover  is  not  always 
replaced  after  use,  and  this  is  apt  to  lead  to  short  circuits.  I  think  a 
better  way  would  be  to  have  a  feeder  pillar.    A  few  years  ago  more 
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stopped  throagh  the  plug  boxes  than  by  breakdowns  in   Mr. 


motors.  Brookiag. 

Mr.  ].  A.  A.NDBRSON :  I  should  like  to  know  if  any  trouble  has  been  Mr. 
expcrieoccd  with  the  friction  clutches  in  capstans,  and  if  the  auxiliary  ^°***'^"- 
motor  of  the  hydrauUc  plant  automatic  starter  is  of  the  same  voltage  as 
the  main  motor.  I  think  a  standard  controller  operated  hydraulically 
wookl  be  better.  It  is  possible  that  in  winter  trouble  may  occur  through 
the  water  freezing,  but  in  plant  of  this  type  which  I  have  seen  no 
trooble  from  this  cause  had  been  experienced. 

Mr.  F.  O.  Hunt  :  With  reference  to  the  test  upon  an  incUned  con-   Mr.  Hunt. 
vcyor  on  which  the  power  absorption  was  found  to  be  constant,  it  would 
be  interesting  to  know  to  whatJimit  the  constancy  extended,  and  what 
iuppeoed  at  the  horizontal  position  and  below  it. 

Mr.  H.  H  CNDERSON  (in  reply) :  I  quite  agree  with  all  the  speakers  who  JJ*"- 
have  made  remarks  about  the  speeds  of  the  machinery  described. 
Tbe»e  arc  undoubtedly  high,  and  when  a  complete  set  of  operations 
i»  coosidcred,  the  time  occupied  in  lifting,  even  at  a  slow  speed,  is 
a  Mnail  proportion  of  the  total  time  occupied.  Thus  a  high  lifting 
»pccd  i&  not  such  a  gain  as  would  appear.  The  cranes  are  pro- 
vided with  an  overrunning  switch,  operated  by  a  screw  on  the  end 
at  ooe  of  the  shafts.  The  arrangement  works  correctly,  except  at 
light  kads,  as  the  momentum  of  the  gearing,  etc.,  is  sufficient  to  cause 
a  certain  amount  of  running  after  the  switch  is  opened.  The  most 
rdiabfe  plan  is  to  employ  a  good  driver,  and  he  will  soon  learn  to 
handle  the  crane  in  such  a  manner  that  the  overrunning  switches 
will  never  come  into  operation.  In  the  capstans  the  speed  is  again 
high.  The  power  required  as  per  rating,  allowing  85  per  cent. 
eftciency,  is  certainly  20,  but  this  efficiency  seems  to  be  high,  and 
al)0  a  considerable  allowance  must  l>e  made  for  the  slip  of  the  head 
mWdc  the  rope.  Electric  capstans  are  notorious  for  wearing  out 
ropes,  a  fact  entirely  due  to  the  high  speed.  It  is  certainly  preferable 
to  mount  all  the  electric  switchgear  in  a  separate  box,  outside  the 
opstui.  If  the  capstan  is  in  the  open,  a  pillar  box  could  be  fixed 
m  the  vicinity.  This  would  cost  very  Uttle  extra  money  and  would 
tooo  pay  for  itself.  Condensation  of  moisture  is  the  cause  of  the 
troobie  with  capstans.  We  have  tried  heaters*  and  found  them 
expensive.  We  also  tried  keeping  the  shunts  ahve  on  the  motors, 
Thi»  wa>  found  to  cause  trouble  when  the  circuit  breaker  at  the 
power  station  opened.  The  only  remedy  is  to  put  in  a  totally  enclosed 
motor  and  keep  all  switchgear,  with  the  exception  of  the  treadle 
switch,  outside  the  capstan  tank.  I  quite  agree  with  Mr.  Bayly  in 
respect  to  the  heavy  lids  on  some  capstans.  They  take  two  men 
to  hft  them,  and  this  is  sometimes  a  serious  item.  In  some  designs, 
after  having  managed  to  raise  the  lid,  a  man  cannot  get  at  any 
apparatus  beyond  the  commutator  of  the  motor.  I  have  seen  men 
have  10  lie  on  their  backs  to  connect  up  a  resistance.  Such  things  add 
^i  frcatly  to  the  cost  of  maintenance  that  any  saving  in  power  is 
taken  up  in  waste  of   time  in  maintenance.    Caret  ul  thought 
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Mr  on  the  part  of  those  who  design  and  manufacture  capstans  would  make 

things  so  easy  that  an  electrical  capstan  could  run  for  long  intervals 
with  little  attention.  I  prefer  compound-wound  motors,  as  they  will 
give  an  even  turning  efiEort  and  also  no  special  machinery  is  required 
for  light  running.  The  friction  brake  mentioned  by  Mr.  Smith  is  similar 
to  those  on  the  wagon  hoists  described.  These  contain  water,  and  if 
the  capstan  was  outside,  trouble  would  arise  from  freezing  in  winter. 

The  material  to  be  dealt  with  by  the  wagon  hoists  will  be  chiefly 
potatoes  and  provisions  in  bulk.  These  could  not  be  unloaded  on 
to  a  travelling  belt  or  conveyor.  It  is  thus  necessary  to  lower  the 
wagon  with  its  load  into  the  cellar. 

Mr.  Smith  has  misunderstood  the  arrangement  of  the  travelling 
cranes  used  at  the  Forth  warehouse.  The  lattice  work  is  not  alive, 
but  the  rails  upon  which  the  travellers  run  are.  The  rails  are  well 
insulated,  and  have  proved  so  satisfactory  that  we  have  had  no 
breakdown  of  the  insulation  for  over  five  years.  The  arrangement 
gives  less  trouble  than  a  pair  of  trolleys  and  wires  would  have  done, 
owing  to  the  peculiar  shape  of  the  track. 

In  reply  to  the  discussion  at  Newcastle, — Owing  to  the  amount  of 
work  involved,  the  mechanical  control  for  jiggers  has  been  found 
to  be  best.  Moisture  is  the  chief  trouble  in  capstans,  and  where 
electrical  gear  is  difficult  to  get  at  the  cost  of  maintenance  is  very 
much  increased.  We  do  not  yet  know  the  load  factor,  as  the  place 
is  not  yet  in  full  use.  Automatic  circuit  breakers  are  fitted  to  each 
capstan,  and  there  are  breakers  on  main  power  circuits  which  are 
also  protected  by  fuses. 

With  regard  to  the  traverser  at  Forth  Goods  Station,  the  design  is 
unusual,  but  by  bushing  the  wheels  with  dished  mica  bushes  and  using 
insulated  bolts,  no  trouble  has  been  experienced  in  four  or  five  years' 
working.  The  reason  for  having  shunt  and  series  windings  on  separate 
poles  of  the  4-pole  motor  is  that  the  depth  of  the  poles  is  limited 
owing  to  lack  of  space. 

There  has  been  no  trouble  with  flashing  between  brushes.     I  think 
the  idea  of  mounting  the  capstan  electrical  gear  on  the  tank  lid  is  very 
good  if  there  is  grease  lubrication. 
Mr.  Taylor.  Mr.  C.  E.  Taylor  (/»  reply)  :  With  regard  to  Mr.  Smith's  question, 

the  belt  of  the  coal  conveyor  illustrated  in  the  paper  is  composed 
of  plates  10  in.  broad,  and  can  be  used  as  an  ordinary  gravitation 
spout  if  required  without  the  use  of  the  motor ;  in  some  other  conveyors 
which  have  been  fixed  the  belt  is  composed  of  a  mixture  of  canvas 
and  rubber.  I  do  not  know  of  any  trouble  having  been  experienced 
with  the  centrifugal  governor  on  the  anti-coal-brcaker ;  the  brake  is  very 
satisfactory  and  adjusts  the  speed  very  well.  With  regard  to  liquid 
controllers,  I  do  not  think  these  are  very  suitable  for  continuous  working. 

In  reply  to  the  discussion  at  Newcastle. — When  lowering  loads  with 
the  cranes  the  foot  brake  is  always  on  to  a  certain  extent,  so  as  not  to 
allow  of  too  great  speeds  being  attained,  and  with  cranes  of  this  type  a 
good  factor  of  safety  is  allowed. 
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The  horsc-powcr  required  for  the  conveyors  running  light  is  6*5,  Mr.  Taylor. 
and  therefore  Mr.  Clatworthy's  contention  that  the  bulk  of  the  power 
t^  required  to  overcome  friction  is  not  quite  correct. 

Tbe  installation  is  driven  by  3-phase  motors  because  the  supply  is 
3-pfaase,  and  would  have  necessitated  transformation  if  direct  current 
motors  had  been  used,  and  I  see  no  reason  why  3-phase  is  not  as  good 
as  direct  current  for  this  work.  The  arrangement  of  controllers  is 
^hown  in  the  paper. 

With  reference  to  friction  clutches  in  capstans  no  difficulty  has  been 
cxpeneoced  with  these  after  they  have  been  properly  adjusted.  The 
Toltaj^  of  the  auxiliary  motor  on  the  automatic  starting  switch  is  not 
tbe  same  as  the  pump  motor,  but  is  220  volts.  The  operation  of  con- 
trollers is  largely  a  matter  of  experience,  and  we  have  not  hitherto  had 
aoT  controllers  operated  by  hydraulic  power. 

VTith  reference  to  Mr.  Sleigh's  remarks,  I  may  point  out  that  the 
length  of  conveyor  and  its  elevation  from  the  horizontal  were  given  in 
the  paper,  and  from  that  the  total  height  through  which  the  coal  was 
raised  is  1 1  ft. 

With  reference  to  Mr.  Brooking's  remark,  no  trouble  has  l>een  found 
to  ansc  with  the  arrangements  shown  in  the  paper. 

When  the  conveyor  is  used  on  a  downward  mcline,  it  is  used  as  an 
ordtnary  chute,  provided  the  gradient  is  sufficient 

On  the  motion  of  the  President  a  hearty  vote  of  thanks  was  accorded 
to  Mr.  Henderson  and  Mr.  Taylor  for  their  papers. 
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Proceedings  of  the  Four  Hundred  and  Seventy-First 
Ordinary  General  Meeting  of  the  Institution  of 
Electrical  Engineers,  held  in  the  Rooms  of  the 
Institution  of  Civil  Engineers,  Great  George 
Street,  Westminster,  on  Thursday  evening, 
March  5th,  1908 — Colonel  R.  E.  Crompton, 
C.B.,  President,  in  the  chair. 

The  minutes  of  the  Ordinary  General  Meeting,  held  on  February  20, 
1908,  were  taken  as  read,  and  confirmed. 

The  list  of  candidates  for  election  into  the  Institution  was  taken  as 
read,  and  it  was  ordered  that  it  should  be  suspended  in  the  Library. 

The  following  list  of    transfers    was    published  as  having  been 
approved  by  the  Council : — 

TRANSFERS. 

From  the  class  of  Associate  Members  to  that  of  Members  : — 

Ashton  Bremner.  I  Arthur  P.  Patey. 

James  F.  Heath.  I  Frank  Powell. 

From  the  class  of  Associates  to  that  of  \Iembers  : — 
James  W.  Woods. 

From  the  class  of  Associates  to  that  of  Associate  Members  : — 

William  B.  Pye.  I  L.  U.  Vignoles. 

Professor  David  Dobertson.  I  Thos.  C.  Woolams. 

From  the  class  of  Students  to  that  of  Associate  Members  : — 


James  Auckland. 
Alfred  S.  Cross. 
E.  L.  Gosset. 
Donald  Maclean. 


J.  W.  Maitland. 
Ernest  R.  Myers. 
R.  M.  Sethma. 
Norman  Thirlby. 
C.  T.  Wilkinson. 


Dr.  D.  K.  Morris  and  Mr.  A.  D.  Stevenson  were  appointed  scrutineers 
of  the  ballot  for  the  election  of  new  members,  and,  at  the  end  of  the 
meeting,  the  following  were  declared  to  have  been  duly  elected  : — 
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ELECTIONS. 

As  Associate  Members. 


HaiDld  Edmond  Iroaside  Bax. 
Carl  BoOaun. 
Herbert  Mackenzie  Ctif¥. 
Frederick  John  Gerrard. 
Wlltiam  James  Gray. 
Thomas  Hall. 
Thomas  Henry  Hurst. 
Harold  Lees. 


Arthur  Ncwcombe  Rye. 

Donald  Sinclair. 

Edward  James  Stevens,  Lieut,  R.A. 

Herbert  Ellery  Turner. 

Christopher  Wade. 

John  Maurice  Walshe. 

Arthur  Ernest  Wilkins. 

John  WiUiam  Finch  Wyatt. 


As  Students, 


William  Herbert  Apthorpe. 
Joseph  WiUiam  Amott. 
Ralph  Henry  Barbour. 
WiUtam  Richard  Brown. 
H.  C,  Chindian. 
Nathaniel  John  Cook. 
Harold  ChappeU  EUis. 
Saved  Fahmy. 
Albert  Chitty  Fendick. 
John  Fleming. 
William  Stanley  Gould. 
Ro|^  Ernest  Grime. 
Harry  Holman  Hayhurst, 
George  Stanley  Helme. 
Joseph  Augustine  Hogan. 
William  Holt 
Reginald  George  Isaacs. 
Hugh  Jack.  B.Sc. 
Hertiert  Ferrier  Je£ferson. 
Frederick  Henry  R.  Lavender. 
Sydney  William  Ledbrook. 


Dougal  Campbell  McPhcrson. 
Henry  James  Magrath. 
George  Victor  Massey. 
George  Taylor  Medforth. 
William  Arnold  Olds. 
Cleovule  Fapageorge. 
Warner  Hutchins  Peberdy. 
William  Pitt. 
Harry  William  F.  Pouter. 
J.  L.  Ridsdale. 
Alex.  Thornton  Robertson. 
Charles  Irving  Roddick. 
Charles  Geoffrey  Saltren-Willctt. 
Albert  George  Savill. 
John  Franklin  Shipley. 
Gerald  McKenzie  S.  Sichel. 
Percy  Smith. 
Sydney  Thompson. 
Arnold  Dumont  Villares. 
John  Douglas  A.  Vincent. 
Arthur  Wads  worth. 


Donations  to  the  Building  Fund  were  announced  as  having  been 
received  since  the  last  meeting  from  Mr.  F.  H.  Nicholson  ;  and  to  the 
Brm€vcUni  Fund  from  Mc  W.  C.  P.  Tapper  and  Mr.  F.  H.  Nicholson, 
to  whom  the  thanks  of  the  meeting  were  duly  accorded. 


The  following  paper  was  then  read  and  discussed  : — 
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FUSE    PHENOMENA. 

By  Professor  Alfred  Schwartz,  Member,  and 
W.  H.  N.  James,  Associate  Member. 

{Received  from  the  Manchester  Local  Section,  January  i6,  read  at 
Manchester  on  March  3,  and  at  London  on  March  5,  1908.) 

The  selection  of  a  metal  for  a  fuse  is  a  matter  which  requires  some 
discrimination,  and  no  hard-and-fast  rules  can  be  laid  down  to  suit 
all  cases. 

The  following  factors  have  to  be  considered  : — 

L  The  degree  of  purity  of  the  metal,  or  the  constancy  of  com- 
position of  the  alloy,  obtainable  commercially  and  its  cost. 
II.  The  melting-point  of  the  fuse. 

III.  The  specific  resistance  of  the  metal  and  the  coefficient  of 

increase  of  resistance  with  temperature. 

IV.  The  liability  to  oxidation  and  the  condition  of  the  oxide  sheath, 

whether  solid  or  fluid  at  the  temperature  of  fusion  of  the 
wire. 
V.  The  mass  of  metal  required  for  a  given  service. 
VI.  The  properties  of  the  metal  vapour  for  sustaining  an  arc. 
VII.  The  time  element  of  the  fuse. 

I.  The  Purity  of  the  Metal. 

With  regard  to  this  factor,  the  importance  of  employing  a  material 
which  can  easily  -be  obtained  of  standard  composition  is  generally 
understood  ;  but,  notwithstanding  this,  a  very  large  amount  of  alloy 
wire  and  strip  is  still  used,  the  composition  of  which  is  a  very  uncertain 
quantity.  It  is  true  that  many  of  these  metals  have  lower  melting- 
points  than  those  of  the  pure  metals  in  use  as  fuses,  but  this  does  not 
outweigh  the  advantage  of  constancy  of  composition  which  a  pure 
metal  such  as  copper  possesses. 

II.  The  Melting-point. 
This  is  concerned  with — 

(a)  The  fire  risk. 

(b)  The  method  of  connecting  the  fuse  to  the  fuse  contacts  on  the 

carrier. 

(c)  The  character  of  the  "jacket"  material  for  enclosed  fuses. 

Fire  Risk, — The  fire  risk  with  metals  of  low  melting-point  is  due  to 
the  scattering  of  molten  particles  when  the  fuse  blows,  or  to  the  per- 
sistence of  the  arc  across  the  terminals.    With  metals  of  high  melting- 
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point  there  is  am  additional  risk  due  to  the  fuse  becoming  red  hot 
hriorc  fusion. 

As  special  points  in  connection  with  the  fire  risk,  the  liability  of 
Mcne  metals,  such  as  zinc,  to  bum  in  air  at  the  temperature  of  dis- 
mption  mn^t  be  considered  ;  and  with  enclosed  fuses  fitted  with 
indicator  wires,  it  must  be  borne  in  mind  that  this  wire  practically 
form^  an  open  fuse  of  small  capacity.  Experience  has  shown  that 
tSe  flash  from  such  an  indicator  is  sufficient  to  ignite  combustible 
material  in  the  vicinity. 

Further,  in  the  case  of  enclosed  fuses,  unless  hermetically  sealed  or 
provided  with  special  arrangements  referred  to  hereafter  for  pre- 
icnttng  the  ejection  of  molten  metal,  both  flame  and  molten  metal 
nuy  isMie  from  the  ends. 

Method  of  Connecting  the  Fuse  to  the  Fuse  Contacts  on  the  Carrier, — 
lo  enclosed  cut-outs  the  fuse  is  usually  soldered  to  stout  copper  wires 
(K  logs  which  are  in  turn  soldered  to  the  metal  end  caps  of  the 
cirtridge,  and  extend  inwards  inside  the  cartridge  for  a  considerable 
d:<ancc. 

!n  the  first  place,  it  is  to  be  noted  that  with  an  enclosed  cut>out  of 
!hi»  character  it  is  impossible  to  judge  of  the  actual  length  of  break 
employed  from  a  consideration  of  the  outside  overall  length  between 
the  end  caps  or  fuse  contacts. 

Secondly,  there  are  in  such  fuses  four  soldered  joints,  and  if  these 
are  not  carefully  made,  sufiicient  local  heating  may  be  set  up  to  blow 
the  fuse  prematurely  or  to  char  the  jacket  if  a  combustible  material, 
*uth  as  red  fibre,  is  employed. 

With  metals  of  low  melting-point  this  arrangement  seems  to  be 
adopted  to  avoid  damage  to  the  end  caps  from  the  arc,  and  also  to 
allow  the  soldering  of  the  fuse  to  the  lugs  before  placing  it  in  the 
cartridge,  thus  enabling  this  joint,  which  is  between  copper  and  a  metal 
mith  low  fusing-point,  to  be  made  under  favourable  conditions.  The 
tinai  soldering  of  the  lugs  to  the  end  caps  being  between  metals  of 
M^h  melting-point  presents  no  difiiculty. 

Jacket  Material  for  Enclosed  Fuses. — The  character  of  the  jacket 
tnatcrnU  for  enclosed  fuses  is  largely  determined  by  the  metal 
employed  for  the  fuse. 

The  jacket  materials  employed  commercially  at  the  present  time  are 
Ai  follows : — 

Red  or  black  fibre. 

Glass. 

Porcelain. 

Metal  tube  with  an  insulated  liner  usually  of  mica  or  asbestos. 

The  fibre  material  is  easily  worked,  but  is  combustible,  absorbs 
motUurc,  and  deteriorates  on  heating.  It  can  only  be  employed  with 
fow  metals  of  low  melting-points ;  the  low  melting-point  of  the  metal 
docs  out  prevent  a  high  temperature  being  developed  by  tlic  arc  if  this 
bokls  for  May  length  ik  time. 
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Fibre  is  used  very  largely  in  the  United  States,  and  possesses  the 
advantage  of  being  tough  and  not  easily  broken  by  ill-usage  or  on  the 
blowing  of  the  fuse. 

Frequently  the  fixing  of  the  end  caps  to  the  fibre  tube  is  not  sub- 
stantial enough  ;  where  rivets  are  employed,  they  are  commonly  placed 
too  near  to  the  end  of  the  tube,  and  the  end  caps  are  in  consequence 
easily  blown  off. 

Glass  is  not  much  used  for  enclosed  fuses,  as  it  is  not  so  strong  as 
porcelain. 

Porcelain  would  seem  to  be  the  most  suitable  material  for  jackets  ; 
it,  however,  does  not  lend  itself  so  easily  to  connection  with  the  fuse 
contacts,  and  is  also  more  expensive  than  fibre. 

At  first  sight  the  metal  tube  would  appear  to  offer  advantages  from 
the  point  of  view  of  incombustibility,  strength,  and  cooling ;  its  use, 
however,  is  complicated  by  the  necessity  of  using  an  internal  liner  of 
insulating  material  to  protect  the  tube  from  the  arc  and  of  insulating 
bushes  to  separate  it  from  the  fuse  contacts. 

As  regards  strength,  if  the  cut-out  is  properly  designed  and  con- 
structed, the  pressure  developed  on  blowing  should  not  be  great. 

With  regard  to  cooling,  the  jacket  material  does  not  usually  play  an 
important  part,  as  this  is  largely  determined  by  the  character  and 
disposition  of  the  filling. 

III.  The  Specific   Resistance  and  Coefficient  of   Increase  of 
Resistance  with  Temperature. 

On  low-voltage  circuits  the  resistance  of  the  fuse  itself  forms  a 
considerable  portion  of  the  total  resistance  of  the  circuit,  and  therefore 
plays  a  not  inconsiderable  part  in  limiting  the  current  rush  on  short 
circuit.    With  higher  voltages  this  effect  is  of  less  importance. 


Table  I. 
Physical  Constants  for  Metals  employed  as  Fuses, 


Lead. 

Copper. 

Silver. 

Tin. 

Zinc. 

Cad- 
mium. 

Alumi- 
nium. 

Density       

11-3 

8-95 

IO-5 

74 

715 

8-64 

260 

MelUng-point  ©C 

327 

1.054 

954 

230 

412 

321 

657 

Boiling-point  oC 

1,173 

2,100 

1.450-1,600 

930 

782 

Specific  resistance  in  legal 

microhms  at  cf>C.  centi-  ■ 

19-4700 

1-6200 

14680 

131000 

58000 

10*0200 

2-6600 

metre  measure 

Temperature  coefficient  for 
resistance  oo^iooo C.    ... 

00041 

00043 

0-0040 

00044 

0-0038 

00042 

0-0043 

Specific  heat  in  neighbour- 

hood  of   melting-point 

in  gramme  calories     ... 

Relative   mass   of   metal 

o'036o 

01 180 

00748 

00637 

0-1040 

00617 

03077 

required  for  a  fuse  of 
normal  fusing  currents 

- 

i-oooo 

I-6600 

99000 

4-1000 

- 

♦0-8200 

20  amperes,  copper  «=  i  , 

;i  *  In  the  case  of  aluminium  a  light  spring  attachment  was  used  to  break  the  circuit  as  soon 
as  the  wire  melted. 


Fig.   I. — Photograph  of  Tubes  formed  in  Enclosed  Fuses  with  Calais  Sand 
Filling  with  Fuses  of  different  Metals. 

N.F.C.  in  air.  lo  amperes  approximately. 

A.     Copper.  B.    Tin  C.    Zinc 
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Table  II. 

Relniwe  Quantities  of  Heat  at  the  Moment  of  Melting  in  Fuses  of  various 
MetalSf  but  of  the  same  Normal  Fusing  Current, 

Approximate  Relative  Quantity  of 
Heat  in  Fuse  of  20-ampere 
Metal.  Capacity  at  Moment  of  Fusion. 

Copper I'oo 

Aluminium  (with  spring  attachment)         ...  no 

Silver     0*90 

Tin         1*26 

Zinc        1-53 

Although  the  quantity  of  heat  in  the  fuse  at  disruption  ma\^  be 
considered  as  some  criterion  for  selecting  a  metal  from  the  6re-risk 
point  of  view,  yet  in  our  view  this  consideration  is  outweighed  by 
others,  such  as  the  capacity  of  the  metal  for  maintaining  an  arc,  the 
surface  tension  of  the  molten  metal  as  influencing  the  way  in  which  it 
segregates  into  globules,  the  behaviour  of  the  globules  of  metal  after 
disruption  as  to  whether  they  burn  in  air  or  not. 

Further,  a  reference  to  Table  I.  shows  that  the  boiling-points 
of  metals  with  low  melting-points,  such  as  lead,  tin,  and  zinc,  are  in 
the  neighbourhood  of  ijOoo**  C,  and  it  is  certain  that  many  of  the 
globules  of  these  metals,  which  are  scattered  on  disruption,  approximate 
to  this  temperature. 

Tin,  for  instance,  melts  at  230°  C,  and  Fig.  6  B  shows  an  actual 
photograph  of  a  tin  fuse  on  a  Hmited  short  circuit.  The  numerous  white 
streaks  radiating  from  the  fuse  mark  the  paths  of  globules  of  molten 
metal,  and  it  is  evident  that  these  globules  must  have  attained  a 
sufficiently  high  temperature  to  have  become  luminous. 

In  general,  it  may  be  taken  that  the  mass  of  metal  in  the  fuse  should 
be  kept  as  small  as  possible  for  open-type  fuses ;  for  enclosed  fuses 
this  point  has  to  be  considered  in  connection  with  the  temperature 
which  the  jacket  material  will  stand,  as  the  metals  with  small  mass 
necessarily  have  a  high  melting-point  and  will  attain  red  heat  before 
fusion.  In  the  screened  shunted  type  of  fuse  it  would  seem  possible  to 
employ  a  metal  with  large  mass  and  low  melting-point  for  the  main 
fuse,  as  this  will  melt  quite  quietly,  the  break  being  made  on  the  shunt, 
which  is  of  high  resistance,  and  is  enclosed  or  protected. 

For  fuses  of  large  capacity  this  type  is  worthy  of  more  attention 
than  has  hitherto  been  paid  to  it. 

VI.  The  Capacity  of  the  Metal  for  Maintaining  an  Arc. 
We  have  studied  this  condition  in  three  ways — 

1.  By  photographing  the  fuse  itself  where  blowing. 

2.  By  observing  the  minimum  length  of  break  at  which  on  short 

circuit  the  character  and  duration  of  the  arc  are  such  that  little 
or  no  damage  is  done  to  the  terminals. 

3.  By  oscillograms  of  the  current  rush  and  inductive  pressure-rise 

on  short-circuiting  the  fuse. 
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The  factors  which  have  to  be  considered  are  given  below,  and  will 
be  discussed  setiatim  : — 

{a)  The  intensity  of  the  short-circuit  current. 

ih)  The  capacity  of  the  fuse. 

(c)  The  pressure  of  the  circuit. 

{d)  The  character  of  the  fuse  metal. 

{()  The  inductance  of  the  circuit. 

(./)  The   disposition  of   the  cables   or  conductors  to    the  fuse 

terminals. 
ig)  The  mass  of  the  fuse  terminals. 
\k)  The  character  and  disposition  of  the  filling  for  enclosed  fuses. 

Tk€  imtcnnty  of  the  Shori-circuit  Current, — The  terms  "  short  circuit " 
axid  •*  dead  short  circtiit  '*  are  used  very  loosely,  and  as  the  amount  of 
earrexit  flowing  on  short  circuit  largely  affects  the  behaviour  of  the 
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Fit;.  J. — Diagram  of  Arrangements  for  Short-circuit  Tests. 

A.  Ammeter  to  read  Normal  Fnstni;  Cnrreot 

b  Adtostablc  low  rcsistaoce 

D  Malaswltcb. 

F.  Fbm  Uxmuuls. 

V  Vottmctcr  (or  drcult  voltage. 


fo^  (HI  disruption  it  become^  necessary  to  define  it  more  strictly. 
Tbi^  can  be  done  by  >pecifying  the  drop  in  volts  in  the  leads  with  the 
normal  fnsing  current  of  the  fuse  under  test  flowing  ;  thus  a  3  per 
cent  drop  in  volt^  would  allow  of  a  short-circuit  current  equal  to 
thtrty-thrcc  timc^  the  normal  fusing  current  of  the  fuse  under  te>t,  a 
10  per  cent,  drop  of  ten  times  the  normal  fusing  current,  and  so  on. 

A  diagram  of  the  testing  arrangements  employed  by  us  i^ 
given  in  Fig.  3.  The  method  of  working  was  as  follows  :  Across  the 
terminals  F  in  lieu  of  the  fuse  was  pbced  an  adjustable  resistance  E 
»atticicnt  to  carry  the  normal  fusing  current  of  the  fu^  under  te^^t 
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For  large  currents  this  resistance  may  be  of  such  size  as  to  carry 
one-half  or  one-third  of  the  normal  fusing  current,  the  drop  in  this  case 
being  adjusted  to  one-half  or  one-third  of  the  drop  that  would  be 
obtained  with  the  full  normal  fusing  current. 

The  switch  D  was  then  closed  and  the  resistance  E  adjusted, 
so  that  the  ammeter  A  read  the  normal  fusing  current  of  the  fuse 
under  test. 

The  resistance  B  was  adjusted  so  that  the  difiference  in  readings 
on  the  voltmeter  V  with  the  switch  D  open  and  closed  was  the 
required  drop.  It  is  necessary  that  the  resistance  B  should  be  small 
compared  to  the  resistance  E ;  an  alteration  in  the  value  of  B 
will  alter  the  current  read  at  A,  and  will  necessitate  a  slight 
readjustment  of  E. 

The  resistance  E  was  now  removed  and  replaced  by  the  fuse. 

The  3  per  cent,  drop  in  pressure  referred  to  has  been  found  to 
be  representative  of  the  conditions  likely  to  be  met  with  in  house 
services  for  main  and  distribution  board  fuses. 

As  already  stated,  the  minimum  length  of  break  was  taken  as  the 
least  length  at  which  no  damage  was  done  to  the  terminals  on  short 
circuit,  the  resistance  of  the  circuit  being  such  as  to  give  a  3  per  cent, 
drop  with  the  normal  fusing  current  flowing. 

Under  these  conditions  a  length  is  obtained  at  which  there  may 
be  said  to  be  "  no  arc,"  although,  strictly  speaking,  an  arc  results  every 
time  a  fuse  blows,  but  in  the  above-mentioned  case  its  duration  is  so 
short  that  no  damage  is  done  to  the  terminals.  This  length  will  be 
referred  to  hereafter  as  the  "  minimum  no-arc  length." 

In  carrying  out  experiments  on  the  minimum  no-arc  length  it  was 
found  that  there  was  a  greater  tendency  for  an  arc  to  form  across 
clean,  freshly  fused  surfaces  than  across  dirty  surfaces,  and  since  in 
these  experiments  the  object  was  to  get  an  arc  if  possible,  short  lengths 
were  first  taken  with  which  an  arc  was  formed.  The  length  of  fuse 
was  then  gradually  increased  until  a  point  was  reached  at  which  at 
least  three  successive  fuses  of  the  same  length  were  blown  without 
an  arc  resulting.  Under  these  circumstances  the  surface  of  the  ter- 
minals for  each  new  length  of  fuse  experimented  with  was  a  clean  one 
across  which  an  arc  had  recently  taken  place. 

If,  instead  of  proceeding  as  above,  a  long  length  is  taken  such  that 
on  blowing  no  arc  to  the  terminals  takes  place,  and  this  length  is 
gradually  reduced  until  an  arc  is  formed,  a  much  shorter  minimum 
no-arc  length  will  be  obtained,  since  in  this  case  each  fresh  length 
is  tried  with  a  dirty  terminal  surface. 

We  find  that  for  copper  wires  of  20  amperes  N.F.C.  and  upwards 
on  a  220-volt  circuit  the  minimum  no-arc  length  increases  slightly  as 
the  drop  in  pressure  in  the  circuit  is  reduced.  The  following  values 
are  each  the  result  of  about  twenty  experiments  with  a  27-ampere 
(No.  25  S.W.G.)  open-type  copper  fuse  with  large  terminals  (350  gm.) 
on  a  220-volt  circuit : — 
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usual  way,  the  room  is  darkened  and  the  plate  exposed ;  the  fuse  is 
then  blown  and  emits  sufficient  light  to  produce  the  photograph. 
These  photographs,  of  course,  give  an  integration  of  the  whole 
phenomenon,  and  it  is  not  possible  to  state  from  a  consideration  of 
them  the  time  sequence  in  which  the  arcs  are  produced,  but  as  the 
whole  process  only  occupies  a  few  hundredths  of  a  second  there  are 
certain  deductions  which  we  may  be  warranted  in  making. 

It  is  well  known  from  visual  observations  that  a  fuse  blowing  with 
a  small  overload  melts  first  at  the  centre,  where  an  arc  is  established 
which  burns  back  towards  the  fuse  terminals,  whereas  on  short  circuit 
the  whole  length  of  wire  is  disrupted  practically  simultaneously. 

The  striking  point  in  the  photographs  under  consideration  is  the 
large  number  of  arcs  that  are  developed.  It  would  seem  that  the  wire 
becomes  molten  along  its  whole  length,  and  that  under  the  influence 
of  surface  tension  it  segregates  into  a  number  of  beads  or  globules  the 
arcs  forming  between  the  beads  where  the  cross-sectional  area  is 
reduced,  the  heat  developed  at  these  points  being  sufficient  to 
vaporise  the  metal.  The  straight  and  curved  white  lines  appearing 
in  the  photographs  mark  the  paths  of  glowing  globules  of  metal  which 
have  been  ejected.  The  outline  of  the  clamp  terminals  may  be  dis- 
cerned, and  in  each  case  it  will  be  seen  that  an  arc  has  been  formed 
to  one  or  both  of  them.  It  will  be  noticed  that  with  a  short-circuit 
current  =  33  x  N.F.C.  (Fig.  3  A)  the  wire  seems  to  be  broken  up 
into  several  portions,  whereas  in  Fig.  3  B,  with  a  short-circuit  current 
=  10  X  N.F.C.,  less  explosive  violence  has  been  developed,  and  in 
consequence  a  chain  of  small  arcs  has  been  formed  between  the  ter- 
minals. It  may  well  be,  therefore,  that  under  these  latter  conditions 
the  arc  may  hold  over  a  greater  length  of  break,  as  is  shown  to  be  the 
case  in  the  experiments  given  in  Table  III. 

The  magnetic  blow-out  efifect  due  to  the  leads  may  also  assist  The 
fuse  in  the  photographs  given  was  vertical  in  each  case,  but  the  arcs 
seems  to  have  been  deflected  ;  this  effect  will  be  referred  to  in  detail 
later.  With  enclosed  fuses  it  was  found  that  the  results  of  short 
circuits  were  much  more  severe  with  33  x  N.F.C.  than  with  10  x  N.F.C. 

This  conclusion  is  based  on  a  large  number  of  visual  observations  ; 
only  a  small  number  of  actual  determinations  of  minimum  no-arc 
lengths  were  made,  but  these  support  the  above  conclusion,  as  the 
following  example  shows  : — 

Copper  fuse  N.F.C.  :=  io*6  on  220-volt  inductive  circuit  no-arc  length 

with  33  X  N.F.C.  =  17  in. 
„  „     10  X  N.F.C.  =  1-3  in. 

In  all  subsequent  experiments,  unless  otherwise  stated,  33  X  N.F.C. 
has  been  taken  as  the  standard  short-circuit  current. 

Variation  of  Minimum  No-arc  Length  with  the  Capacity  of  the  Fuse 
Jor  a  given  Metal. — The  minimum  no-arc  length  for  open-type  fuses  of 
a  given  metal  increases  with  the  capacity  of  the  fuse,  but  not  propor- 
tionally.   The  curve  connecting  the  minimum  no-arc  length  and  the 
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oomuU  fusing  current  for  open-type  copper  fuses  on  220-volt   non- 
inductive  circuit  (that  is,  with  the  inductance  due  to  the  generator  and 
cabics   only)   with    short-circuit  currents  =  33  X  N.F.C.  is  given  in 
Fig.  4,  curve  A* 
5 


20  »         40  50 

Fusing-  current    in    amperes. 

Fig.  4. 

A.  Copper  wbe  free  lo  air. 

IL  Hoc  »trip  free  in  air. 

C.  Cnpprr  win  in  tubular  holder. 

U  Copper  wire  paaunK  through  asbestos  partition  at  centre. 

K.  Copper  wire  enclaacd  with  Calai*  taod  tiUinfi. 

K.  Copper  wire  eockMed  on  inductive  citcutt. 

G  Zinc  ktHp  cnckMcd  on  noninductivc  circuit 

AM  the  abore  oa  xacyrolt  circuit     A  to  C.  non-indoctlte  ;  F,  inductive  (0-013  henry). 

These  curve*  follow  a  law  of  the  character  of  D  =  A  -f  B  (X.F.C.)" 


D  ^  minimum  no-arc  length  ; 
N.F.C.  as  normal  fusing  current ; 

A,  B,  and  n  ss  constants  depending  on  the  metal  employed 
and  on  other  factors  (n  being  less  than  i). 
Vou  4L  4 
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With  enclosed  fuses  the  minimum  no-arc  length  increases  with  the 
capacity  of  the  fuse  much  in  the  same  way  as  in  the  open  type.  The 
results  for  copper  fuses  up  to  50  amperes  on  a  220-volt  non-inductive 
circuit  are  shown  graphically  in  Fig.  4,  curve  E. 

Variation  of  Minimum  No-arc  Length  with  the  Pressure  of  the  Circuit. 
— Experiments  were  carried  out  at  pressures  of  1 10  and  220  volts  on 
open-  and  enclosed-t)rpe  fuses,  the  results  of  which  are  embodied  in 
Table  IV. 

Table  IV. 

Variation  of  Minimum  No-arc  Length  with  Circuit  Voltage  for  Copper 
Wires  on  a  Non-inductive  Circuit. 


Description  of  Fuse. 

Minimum  No4u-c  Length 
in  Inches. 

RaUo. 
A 

N.F.C.  in 
Amperes. 

Terminals. 

Short^rcuit 
Current 

A 

220  Volts. 

B 

no  Volts. 

B 

IO-6 
IO-6 

IO-6 
27*0 

270 

270 
io'6 
10*6 
27-0 

Small 
Large 
Small 
Large 
Large 
Small 
Small 
Large 
Large 

33  X  N.F.C. 
33  X  N.F.C. 
10  X  N.F.C. 
33  X  N.F.C. 
10  X  N.F.C. 
10  X  N.F.C. 

5  X  N.F.C. 

5  X  N.F.C. 

5  X  N.F.C. 

Inches. 
270 
170 

360 
2*90 

3-05 
2-50 
3-00 
3-25 

Inches. 

080 
1-50 
1*10 

1-45 
no 

1-30 

IIO 

1-50 

2'l6 
2'12 
2-13 

3*27 

2*00 
276 
192 
273 
2-13 

A  consideration  of  this  table  shows  that  for  open-type  fuses  the 
increase  in  length  of  the  minimum  no-arc  length  is  at  least  in  proportion 
to  the  increase  in  the  circuit  pressure  for  the  ranges  given. 

G.  Meyer,  in  a  recent  paper,*  gives  curves  connecting  the  normal 
fusing  current,  and  the  length  of  wire  melted  with  the  normal  fusing 
current  flowing  at  a  given  voltage,  for  copper  fuses  in  a  tubular 
porcelain  holder.  The  effect  of  increase  in  circuit  voltage  in  increasing 
the  length  of  wire  melted  is  very  clearly  seen  in  Fig.  5,  by  contrasting 
curve  B,  for  copper  at  2  volts,  with  curve  C,  which  is  for  copper  at 
102  volts. 

These  curves  are,  however,  of  no  service  in  determining  the 
minimum  no-arc  length,  as  they  only  give  the  length  of  wire  melted 
with  the  normal  fusing  current  flowing  at  various  pressures.  A  con- 
sideration of  Meyer's  curves  shows  that  the  length  of  wire  melted  tends 
to  become  constant  for  currents  above  150  amperes  with  a  given  circuit 
pressure ;  it  is  evident,  therefore,  that  quite  a  different  set  of  phenomena 
is  introduced  on  short  circuit  when  the  wire  is  disrupted  from  terminal 
to  terminal. 

•  Theoretisches  und  Praktisches  iiber  Abschmelzsicherungen,  EkktroUchnischt 
Zcitschrift,  vol.  28,  pp.  430,  460,  1136,  1158. 
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Variation  of  the  Minimum  No^rc  Length  with  the  Character  of  the 
Fuse  Uetal, — The  curve  connecting  the  minimum  no-arc  length  with 
the  normal  fusing  current  for  copper  wires  in   open-type  cut-outs 


50  7^  100  125  150 

Normal    fuftinj  current;  in  dmpcrea. 


200 


Fig.  5  (Meyer). — Curves  connecting  Normal  Fusing  Current  and  Length  of 
Wire  fused  for  various  Circuit  Pressures. 

A.  Zinc  at  a  volts. 

B.  Copper  at  j  volts. 

C.  Copper  at  loa  volts. 


has  already  been  given  in  Fig.  4  (curve  A)  for  short-circuit  cur- 
rents =33  x  N.F.C.  and  10  X  N.F.C,  whichever  gave  the  greater 
length. 

Table  V. 

iitntmum  So-arc  Length  for  Open-type  Fuses  of  Copper  and  Zinc  on 
ST^y-rott  Son-inductive  Circuit,     Short-circuit  Current  ^^^  X  X.F.C. 


Fuse  Mct-U. 

Normal  Fminji 

Current  in  AtnptrLt 

in  Air 

Minimum  \%varc 

Lcnt^h  •"  InchtH. 
C  pptr. 

/inc. 

26-t) 

1 

C«»ppcr 

... 

... 

270 

1 

2S5 

4'^ 

1 

Zinc... 
Copper 

... 

...   , 

I 
) 

3-05 

1 

4*5 
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Under  the  same  conditions  in  open-type  fuses  the  minimum  no-arc 
length  for  zinc  is  decidedly  less  than  that  for  copper.  The  results  of 
about  twenty  experiments  in  each  case  are  given  for  the  two  metals 
in  question  in  Table  V. 

Zinc  blows  fairly  cleanly  ;  the  molten  metal  is  not  scattered  far,  but 
occasionally  some  globules  show  a  tendency  to  continue  to  burn  in  air 
where  they  fall.  On  the  whole  it  is  a  good  material  from  a  short- 
circuit  point  of  view.  A  photograph  of  an  open-type  zinc  fuse  for 
20  amperes  blowing  with  a  short-circuit  current  of  200  amperes  is 
given  at  A,  Fig.  6. 

Tin  in  open-type  cut-outs  with  short-circuit  currents  of  ten  times 
the  normal  fusing  current  behaves  very  much  like  copper  with  short- 
circuit  currents  limited  to  two  or  three  times  the  normal  fusing 
current ;  that  is  to  say,  it  blows  softly  and  quietly,  and  it  is  difficult  to 
state  from  visual  observation  when  arcing  takes  place. 

It  may  be  taken  that  the  damage  to  terminals  with  tin  in  lengths 
commonly  employed  is  slight  with  short-circuit  currents  of  ten  times 
the  normal  fusing  current. 

With  20-  or  30-ampere  fuses  and  short-circuit  currents  of  33  X  N.F.C. 
there  is,  however,  a  great  display  of  fireworks,  accompanied  by  copious 
fumes,  and  with  the  lengths  commonly  used  severe  damage  to  terminals 
is  likely  to  ensue.  A  photograph  of  a  20-ampere  tin  fuse  blowing  with 
a  short-circuit  current  of  200  amperes  is  shown  at  B,  Fig.  6. 

With  enclosed  fuses  the  minimum  no-arc  length  was  found  to  be 
somewhat  greater  for  zinc  than  for  copper  ;  this  is  due  to  the  greater 
mass  of  metal  involved  for  a  fuse  of  a  given  capacity  and  to  the  molten 
metal  being  confined  by  the  filling,  and  possibly  also  to  the  metal 
vapour  not  being  so  quickly  oxidised  as  when  the  fuse  is  in  air.  As 
already  stated,  in  open-type  cut-outs  this  effect  is  reversed,  the  zinc 
giving  the  shorter  minimum  no-arc  length.  The  following  examples 
given  in  Table  VI.  for  copper  and  zinc  in  enclosed  fuses  are  typical  : — 

Table  VI. 

Minimum  No-arc  Length  for  Copper  and  Zinc  in  Enclosed  Fuses  with 
Calais  Sand  Filling  220'Voli  Non-inductive  Circuit.  Short-circuit 
Current  =  23  X  N.F,C, 


Fuse  MctaL 

Normal  Fusing  Current 
in  Amperes  in  Air. 

Minimum  No-arc  Length 
in  Indies. 

Zinc         

25 

vS 

Copper 

27 

13 

Zinc        

45 

2*2 

Copper 

43 

1-6 

I 
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The  minimum  no-arc  lengths  for  enclosed  fuses  of  copper  and  zinc 
under  various  conditions  and  for  fuses  up  to  50  amperes  are  given  in 
Fig.  4.  In  inductive  circuits  zinc  gives  lengths  about  20  per  cent, 
greater  than  those  given  in  Fig.  4,  which  are  for  non-inductive 
circuits.    Tin  gives  a  length  rather  greater  than  zinc  in  each  case. 

That  the  dififercnt  metals  behave  in  a  characteristic  manner  on 
fusion  with  regard  to  the  duration  of  the  current  rush  on  short  circuit, 
the  tendency  of  the  arc  to  persist,  and  the  inductive  pressure  rise  on 
breaking  the  circuit,  may  be  seen  from  the  oscillograms  given  in 
Fig.  8. 

These  oscillograms  have  been  selected  from  a  large  number 
obtained  for  various  metals,  and  are  typical  of  the  metals  named.    The 


in_    seconds 
B 

Fig.  7. — Oscillograms  showing  the  Influence  of  Tightness  of  Packing 
in  the  Fillings  for  Enclosed  Fuses. 

A  C«>ppcr  wire  in  booe  ash  loosely  packed. 
H  Cof>prr  wire  in  boce  ash  tightly  packed. 
C.    Copper  wire  in  plaster  of  Pirls  (equivalent  to  a  Tcry  Ugbt  packing). 

N.K  C  for  copper  wire  in  air  =  lo  amperes.    iJO-volt  inductive  circuit  (ot>33  henry). 


follow^ing  is  a  brief  rcsumi  of  the  points  observable  from  the  oscillo- 
grams : — 

Copper,  Fig.  8  A,  open-type  iio-volt  inductive  circuit. — The 
inductive  pressure  rise  is  usually  only  moderate,  as  the  arc 
persists  for  a  definite  but  short  time. 

Fig.  8  B,  open-type  22o-volt  inductive  circuit. — The  arc  persists 
for  a  considerably  longer  period  ;  the  voltage  rise  is  fairly 
small  and  irregular.  The  current  rush  does  not  rise  to  the 
value  determined  by  the  resistance  of  the  circuit  owing  to 
the  quick  action  of  the  fuse. 

Fig.  8  C,  encloscd-type  220-volt  inductive  circuit. — The  double 
rise  shown  here  is  very  characteristic  of  copper. 
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Tin,  Fig.  8D,  open-type  iio-volt  inductive  circuit. — ^The  induc- 
tive pressure  rise  is  usually  higher  than  that  of  copper,  and 
the  duration  of  the  arc  is  less.  Occasionally  a  considerable 
voltage  rise  is  obtained  (Fig.  8  E). 
Silver^  Fig.  8  H. — Behaves  very  similarly  to  copper,  the  duration 
of  the  arc  being  slightly  longer  and  the  inductive  pressure 
rise  about  the  same. 
Aluminium,  Fig.  81,  no- volt  inductive  circuit. — The  inductive 
voltage  curve  is  usually  very  peaked  in  shape,  its  maximum 
being  higher  than  that  of  tin.  Sometimes  a  double  peak  is 
obtained,  and  in  these  cases  the  voltage  rise  is  about  the  same 
as  for  tin. 

Fig.  8  J,  220-volt  inductive  circuit. — The  voltage  rise  is  small, 
being  less  than  in  the  i  lo- volt  case,  as  the  arc  persists  for  a 
considerably  longer  period.  ' 

Cadmium,  Fig.  8K,  no-volt  inductive  circuit. — The  inductive 
voltage  curve  is  usually  very  irregular,  probably  owing  to  the 
instability  of  the  arc  ;  its  maximum  is  rather  greater  than 
that  for  zinc,  and  it  takes  a  considerable  time  to  die  away. 

Fig.  8  L,  220-volt  inductive  circuit. — Resembles  aluminium,  and 
although  the  inductive  pressure  rise  is  rather  greater  than 
with  copper,  it  is  better  than  copper  from  the  point  of  view 
of  the  duration  of  the  arc. 

Fig.  8  M. — The  gradual  fall  in  the  current  after  fusion  and  the 
gradual  rise  in  pressure  to  the  normal  circuit  voltage  with 
the  small  final  inductive  rise  seems  to  indicate  that  the  tube 
formed  in  the  Calais  sand  filling  while  hot  was  acting  as  a 
conductor  as  already  referred  to. 
Zinc,  Fig.  8  N,  open-type  no-volt  inductive  circuit.  —  Like 
aluminium,  gives  rise  to  a  high  inductive  voltage  rise ;  the 
form  of  the  curve  suggests  instability  of  the  arc. 

Fig.  8  O,  open-type  220-volt  inductive  circuit. — The  curves  of 
inductive  pressure  rise  are  irregular,  and  show  the  highest 
voltages  in  the  series. 

Fig.  8  P. — Comparing  this  with  Fig.  8  C  for  copper  and  Fig.  8  G 
for  tin  in  enclosed  fuses,  it  will  be  seen  that  copper  breaks 
the  circuit  more  quickly  than  either  of  these  two. 

Variation  of  the  Minimum  No-arc  Length  with  the  Inductance  of  the 
Circuit, — A  consideration  of  the  oscillograms  referred  to  above  shows 
that  inductive  pressure  rises  of  as  much  as  four  times  the  circuit 
pressure  may  be  met  with  in  moderately  inductive  circuits.  In  the 
experiments  with  the  oscillograph  a  choking  coil  of  very  low  resistance 
was  inserted  in  series  with  the  fuse  ;  the  value  of  the  inductance  was 
0*023  henry  with  the  normal  fusing  current  (27  amperes)  of  the  fuses 
under  test  flowing  in  the  circuit.  The  value  of  the  inductance  would, 
of  course,  be  less  with  short-circuit  current  flowing  on  account  of  the 
saturation  of  the  core  of  the  choking  coil. 
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In  practice  inductive  circuits  will  be  met  with  in  connection  with 
yehes  motors,  arc  lamps,  and  in  certain  cases  of  breakdown  of  motor 
fields. 

The  following  values  for  inductance  are  from  measurements  by 
Mr.  J.  Davies  on  plant  in  the  School  of  Technology,  Manchester  : — 

Scries  field  of  25- H. P.  Dick  Kerr  tram  motor...  ^  0*0780  henry. 
Shont  field  of  iS-H.P.  4-pole   Kolben  motor 

coils  in  series     =  3-6700      „ 

Arc  lamp,  scries  type       =00040      „ 

Continuous-current  machine  armature  of  15  k.  w.^  0*0002      „ 

It  was  found  that  the  minimum  no-arc  length  was  increased  on 
circuits  with  an  inductance  of  0*023  henry  as  against  ■  circuits  in  which 
the  inductance  was  only  that  due  to  that  of  the  generator  and  leads ; 
the  results  are  shown  in  Fig.  4.  On  non-inductive  circuits  the  tests 
showed  comparatively  small  voltage  rises,  and  these  were  of  short 
duration. 

Where  present,  the  voltage  rise  occurs  at  two  definite  periods  : 
first,  when  the  current  commences  to  fall,  and  secondly,  when  it 
ceases.  The  tests  were  carried  out  on  circuits  of  moderate  inductance, 
because  the  pressure  curves  thus  obtained  gave  more  information  as  to 
the  working  of  the  fuse  than  with  non-inductive  circuits. 

Varuition  of  the  Minimum  No-arc  Length  with  the  Disposition  of  the 
CahUs  to  the  Fuse  Terminals, — In  order  to  test  the  magnetic  blow-out 
effect  obtainable  from  the  circuit  conductors,  the  leads  to  the  fuse 
terminals  were  bent  through  a  right  angle  as  shown  in  Fig.  9. 

It  was  found  with  this  arrangement  that  the  minimum  no-arc  length 
for  open-type  fuses  could  be  very  considerably  reduced.  For  instance, 
with  a  37-ampcre  copper  fuse  on  a  220-volt  circuit  with  leads  bent  up 
for  a  distance  D  ^  4  in.,  the  minimum  no-arc  length  was  0*7  in.,  as 
a^unst  a  length  of  3-6  in.  with  the  circuit  cables  entering  the  terminals 
in  the  ordinary  way.  Short-circuit  current  =  33  X  N.F.C.  The  length 
was  not  materially  increased  with  the  bend  in  the  leads  reduced  to 
D  ^  I  in.,  and  even  when  an  arc  was  formed  it  was  of  short  duration 
and  little  damage  was  done  to  the  terminals.  This  magnetic  blow-out 
arrangement  might  well  be  taken  advantage  of  in  practice,  as  has 
already  unwittingly  been  done  with  some  forms  of  knife-blade 
terminals,  and  terminals  in  which  the  cables  enter  from  the  back  in 
cootradistinction  to  the  sides. 

Photographs  of  fuses  blowing  with  magnetic  blow-out  arrangements 
are  shown  in  Fig.  9  A.  They  should  l>e  compared  with  the  photo- 
graphs shown  in  Fig.  6,  which  are  without  such  an  arrangement. 
This  comparison  shows  that  in  the  photographs  with  the  magnetic 
blow-out,  the  arc  and  vapour  were  dissipated  so  rapidly  as  to  have 
prevented  action  on  the  plate. 

In  order  to  obtain  more  direct  evidence  of  the  magnetic  blow-out 
effect,  a  number  of  oscillograms  were  obtained  for  open-  and  enclosed- 
type  fuses  when  blown  in  a  magnetic  field  (a)  at  right  angles  to  the 
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length  of  the  fuse,  (b)  parallel  to  the  length  of  the  fuse.  A  selection  of 
these  is  given  in  Fig.  lo.  which  shows  the  relative  effects  of  these  two 
dispositions  for  an  open-type  fuse  when  blown  inside  a  field-coil  spool 
which  was  separately  excited. 

A  longitudinal  field  was  next  produced  by  winding  the  lead  to  the 
fuse  into  a  coil  with  a  few  turns  through  which  the  fuse  passed  ;  the 
results  are  given  in  Fig.  ii.  A  consideration  of  this  figure  shows  that 
the  magnetic  field  is  of  considerable  use  in  extinguishing  the  arc. 

Further  experiments  were  made  with  the  fuse  wire  doubled  back 
upon  itself  for  an  inch,  the  legs  of  the  loop  being  lapped  with  asbestos 


Fig.  9.— Arrangement  of  Leads  to  Fuse  for  Magnetic  Blow-out  Effect. 

D.    Distance  through  which  leads  are  bent  up  at  right  angles. 
F.    Fuse  length. 


paper.  The  oscillograms  are  given  in  Fig.  12.  For  the  photograph 
of  a  fuse  of  this  form  when  blowing  see  Fig.  9  b.  In  this  case,  how- 
ever, the  legs  of  the  loop  were  separated  by  a  piece  of  asbestos 
millboard.  Extending  the  experiments  on  the  magnetic  blow-out 
effect  to  enclosed  fuses,  a  small  permanent  magnet  was  first  employed 
with  but  little  effect. 

A  solenoid  was  then  arranged  in  series  with  the  fuse  (a)  with  lateral 
field,  (b)  with  longitudinal  field  ;  this  resulted  in  both  cases  in  the 
quicker  rupture  of  the  arc  and  an  increased  inductive  pressure  rise. 
The  results  are  given  in  Fig.  13. 
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A  separately  excited  field  coil  gave  similar  results  with  both  lateral 
and  horizontal  fields. 

Variation  of  No-arc  Length  with  the  Mass  of  the  Terminals. — A  con- 
sodcration  of  Table  III.  shows  that  the  minimum  no-arc  length 
diminishes  as  the  terminals  are  increased  in  size,  and  this  effect  is 
greatest  with  small  fuses. 

A 

U 1 1 f 

h 


Time   in    seconds. 
Ka..  ic— Oscillognuns  of  Magnetic  Blow-out  Effect  with  Copper  Fuses  of 
Open  Type  on  220-volt  Circuit.     Fuses  placed  in  a  separately  excited 
Field-coil  Spool. 

A.    No  majsnetic  field, 
a    Lateral  magnetic  field. 
C.    Longitudinal  magneUc  field. 
N.  P.C.  •  ao  amperes. 

This  effect  is  prot)ably  not  so  much  due  to  the  cooling  of  the 
ends  of  the  fuse  by  conduction,  which  for  short-circuit  currents  of 
33  X  N.F.C.  may  be  considered  negligible,  the  whole  length  of  wire 
being  almost  instantly  disrupted,  as  to  the  cooling  of  the  arc  vapour  by 
the  terminals.    This  cooling,  taking  place  along  a  transverse  section  o( 
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the  arc,  introduces  at  each  end  a  small  section  of  high  resistance  which 
breaks  down  the  arc. 

Variation  of  No- arc  Length  in  Enclosed  Fuses,  with  the  Character  and 
Disposition  of  the  Filling, — In  considering  the  no-arc  length  for  enclosed 
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FiG.  II. — Oscillograms  of  Open-type  Copper  Fuse  on  220- volt  Circuit  blown 
in  a  Longitudinal  Magnetic  Field,  produced  by  forming  the  Lead  to  the 
Fuse  into  a  Coil,  through  which  the  Fuse  passed. 

A.  Coil  of  10  turns. 

B.  Coil  of  30  turns. 

C.  No  magnetic  field.     The  20-turn  coil  was  retained  in  the 

circuit,  but  removed  from  the  fuse. 
N.F.C.  =  20  amperes. 

fuses,  the  following  factors  have  to  be  taken  into  account  in  connec- 
tion with  the  filling  material : — 

(a)  The  formation  of  tubes  at  high  temperatures. 

(6)  The  specific  heat  and  thermal  conductivity  of  the  filling. 

(c)  The  degree  of  fineness  of  the  particles. 

{d)  The  effect  of  tight  or  loose  packing. 

\^e)  The  effect  of  moisture  in  the  filling. 
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F^K*.  12.— OsciUograms  of  Magnetic  Effect  obtained  by  Bending  the 
Fuse  Wire. 

A.    StraiKbt  >%irc. 

a    Wire  bent  back  on  iUelf  for  i  in. 

N.K.C  as  ao  amperes. 

t  c  raiJi  unc  the  wire  %iras  lapped  round  with  asbestos  paper  and  blown  on  a  aao-volt 

induction  circuit. 
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Fit*.  i}m — Oscillograms  of  Enclosed-type  Fuse  blown  in  a  Magnetic  Field 
produced  by  forming  the  Lead  to  the  Fuse  into  a  Solenoid. 

A.    Lateral  magnetic  field. 
a    LoDKitudlnal  magnetic  field. 

C.    No  m»gja€Ue  blow-out ;  extra  length  of  lead  forming  the 
•oleooid  remored  from  the  circuit. 
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I  <d  copper.     N.F.C.  s  30  amperes  00  a  aao-rolt  circuit. 
Inductance,  ot>23  henry. 
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The  Formation  of  Tubes  in  the  Filling  at  High  Temperatures, — The 
formation  of  a  slag  tube  around  the  fuse  on  disruption  has  already  been 
referred  to  (see  Fig.  i)  ;  the  formation  of  such  tubes  would  seem  to 
depend  on  the  character  of  the  filling  employed,  and  to  some  extent 
on  the  character  of  the  fuse  metal.  In  general,  silicious  fillings  favour 
the  formation  of  these  tubes,  whereas  cretaceous  or  chalky  fillings 
do  not. 

Metals  with  a  high  melting-point  would  at  first  sight  seem  to  favour 
this  formation,  but  it  must  be  borne  in  mind  that  although  the  melting- 
point  of  a  metal  such  as  tin  is  low,  yet  the  temperature  of  the  arc 
following  disruption  may  be,  and  probably  is,  as  high  as  with  metals  of 
a  higher  melting-point. 

The  results  given  in  Table  VII.  are  from  experiments  with  various 
fillings  in  use  commercially. 

Table  VII. 
Formation  of  Tubes  in  the  Filling  of  Enclosed  Fuses  on  Disruption. 

Filling.  Remarlcs. 

Calais  sand Forms  tubes. 

Coarse  emery        Slight  formation  of  tubes. 

Fine  emery „  „  „      „ 

Trent  sand Does  not  form  tubes. 

Pumice        Forms  tubes. 

Chalk  Does  not  form  tubes. 

Crushed  limestone  Very  slight  formation  of  tubes. 

Specific  Heat  and  Thermal  Conductivity  of  the  Filling, — Apart  from 
the  formation  of  tubes  and  the  absorption  of  moisture  by  the  filling, 
the  chief  characteristics  which  differentiate  the  various  materials  used 
for  fillings  are  the  degree  of  fineness  of  the  particles  and  the  degree  of 
tightness  of  the  packing ;  the  specific  heat  and  thermal  conductivity  of 
the  filling  only  influence  the  results  indirectly,  in  that  they  affect  the 
normal  fusing  current  of  the  fuse. 

The  normal  fusing  current  for  a  given  fuse  is  greater  when  enclosed 
and  surrounded  by  a  filling  than  when  free  in  air  from  terminal  to 
terminal.  Experiments  with  a  copper  wire  (N.F.C.  in  air,  20  amperes) 
illustrating  this  point  are  given  in  Table  VIII. 

Table  VIII. 

Increase  in  Normal  Fusing  Current  for  Fuses  enclosed  in  a  Porcelain 
Tube  J-i«.  Internal  Diameter  with  various  Fillings, 

Normal  Fusing  Current 
Nature  of  Filling.  in  Amperes. 

Air  (open  fuse)        20 

Trent  sand  (loosely  packed)        22 

Trent  sand  (tightly  packed)         25 

Calais  sand 30 
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la  order  to  compare  the  rate  of  conduction  of  heat  throuj^h  the 
vAhoa's  fillings,  the  following  experiments  were  made  :  A  glass  beaker 

>  Elled  with  a  sample  of  the  filling  to  be  tested,  and  a  thermometer 
embedded  in  the  centre  of  the  mass  of  powder ;  the  beaker  was 
then  MUTOunded  with  water,  which  was  kept  gently  boiling.  A  curve 
coaoccting  time  and  temperature  indicated  by  the  thermometer  was 
then  obtained  for  each  filling.  These  curves  are  given  in  Fig.  14 ;  they 
do  not  exactly  represent  the  relative  thermal  conductivities  of  the 
povdcrs«  bat  depend  also  upon  their  specific  heats. 

A  consideration  of  these  curves  and  of  Table  VIII.  shows  that  the 
nsmvU  fusing  currents  increase  relatively  in  the  same  way  as  the  rates 
ci  cciadoction  of  heat  through  the  fillings.  In  order  to  see  if  the 
diameter  o(  the  enclosing  tube  and  the  quantity  of  filling  employed 
exerted  any  considerable  effect  on  the  normal  fusing  current,  tubes 
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Fn--  14, — Curve*  showing  the  Rise  of  Temperature  of  a  Thermometer  em- 
Sedded  in  varioas  Materials  employed  for  the  Fillings  of  Enclosed  Fuses, 
the  External  Temperature  being  ioop  C.  in  each  case. 

K    Calaisund. 

a    Trent  und  (packed  U^hUy). 

C.    Trent  tand  (packed  looady). 


of  J  in.,  I  in.,  and  \\\  in.  internal  diameter  were  employed,  and  in  each 
ci&e  ior  a  copper  wire  with  a  Calais  sand  filling  the  fusing  current  was 
ioiuid  to  be  30  amperes. 

The  above  results  would  seem  to  indicate  that  it  is  only  a  com- 
paratnrely  thin  layer  of  filling  round  the  fuse  which  exerts  any 
oooudcrable  infiuence  on  the  fusing  current,  and  fiu-ther,  that  this 
eiect  U  due  chiefly  to  the  conductivity  of  the  filling  for  heat 

It  i«  probable  that  with  tubes  of  very  small  diameter  and  with 
%  uull  amoont  of  filling  the  normal  fusing  current  would  not  be 
iacrcMcd  so  much  as  in  cases  given  in  Table  VIII.    Three  expert- 
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ments  with  a  No.  27  S.W.G.  copper  wire,  N.F.C.  in  air  20  amperes, 
when  passed  through  a  clay  tobacco-pipe  stem,  gave  a  mean  result  of 
N.F.C.  =  28  amperes.  The  same  size  wire  when  passed  through  a 
braided  asbestos  tube  had  an  N.F.C.  =  22  amperes  when  the  texture  of 
the  braiding  was  open,  and  25  amperes  when  the  texture  was  very 
close. 

Variation  of  No-arc  Length  for  Enclosed  Fuses  with  the  Degree  of 
Fineness  of  the  Filling. — The  effect  of  the  size  of  the  particles  of  the 
filling  on  the  duration  of  the  arc  is  shown  in  Fig.  15.  It  will  be  seen 
that  the  more  finely  the  material  of  the  filling  is  divided  the  more 
quickly  is  the  arc  extinguished,  and  consequently  the  pressure  rise  on 
an  inductive  circuit  would  be  high. 

This  result  is  supported  by  a  large  number  of  oscillograms  with 
various  powders,  both  coarse  and  fine.    The  fine  powders  seem  to  be 
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Fig.  15.— Oscillograms  showing  the  Effect  of  the  Size  of  Particles  of  the 
Filling  on  the  Behaviour  of  an  Enclosed  Fuse. 

A.  Powder  passed  through  mesh  50  to  the  inch. 

B.  Powder  passed  through  mesh  10  to  the  inch,  retained  on  mesh  30  to  the  inch. 

No.  27  copper  wire  on  a  220-volt  inductive  circuit.    Crushed  limestone  filling. 


more  effective  in  repressing  the  arc  than  the  coarse  ones,  owing  to 
their  interstices  being  smaller  and  less  air  being  included.  This  effect 
is  linked  with  the  degree  of  tightness  with  which  the  filling  is  packed  : 
in  the  oscillograph  experiments,  the  results  of  which  are  given  in 
Fig.  15,  the  powders  were  not  packed  into  {he  tubes,  but  merely  shaken 
down  lightly  into  position.  With  the  coarse  filling  the  circuit  was 
sometimes  opened  satisfactorily  and  sometimes  irregularly. 

Effect  of  Tight  and  Loose  Packing  of  the  Filling  on  the  Minimum 
No-arc  Length  for  Enclosed  Fuses. — Experiments  were  carried  out  with 
fillings  of  various  degrees  of  fineness  packed  both  tightly  and  loosely, 
and  it  was  found  that  with  fine  powders  the  minimum  no-arc  length 
was  shorter  for  both  tight  and  loose  packing  than  with  coarse  powders, 
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This  points  to  the  presence  of  air  spaces  in  the  filling,  due  to  the  size 
ot  the  particles  of  the  filling  being  large,  as  having  an  adverse  influence 
oo  the  minimum  no-arc  length,  since  the  tightness  of  the  packing  has 
bat  little  influence  in  reducing  the  air  spaces  with  coarse  powders. 
ResUts  illostrating  this  point  are  given  in  Table  IX. 

Table  IX. 

Ejftci  of  Ti^t  and  Loose  Packing  for  Fillings  of  Enclosed  Copper  Fuses  on 
22o-voli  Inductive  Circuit. 


X.rC.ol  Copper 
FiaclaAlr. 


27  amperes 

43       » 


Mlairaam  No-arc  Length  in  Inches. 


CalatoSaad. 


2*0  m. 

2-2   „ 


Trent  Sand. 


Loocely  Packed. 

I'4  in. 
1*4  »> 


TlghUy  Packed. 


0-8  in. 

1*0    ,. 


With  fine  powders  loosely  packed  there  is  a  good  deal  of  noise  on 
disruption  if  the  jacket  is  not  hermetically  sealed,  and  the  filHng  is 
much  blown  about  and  some  of  it  is  compressed  by  the  explosion  against 
the  inside  of  the  tube.  Loose  fillings  are  therefore  not  to  be  recom- 
meodcd ;  and  further,  when  used  vertically,  as  is  nearly  always  the 
case,  the  filling  will  gradually  settle  together  more  closely,  leaving 
a  portico  of  the  wire  at  the  top  end  of  the  fuse  exposed. 

In  order  further  to  investigate  the  influence  of  tight  packing,  a 
series  of  experiments  was  carried  out  with  fuse  wires  set  in  plaster  of 
Paris.  This  practically  amounts  to  a  fuse  with  a  very  tightly  packed 
filling ;  soch  fuses  give  a  quick  break,  with  a  consequent  high  induc- 
tive pre^<«tire  rise  on  inductive  circuits.  Oscillograms  on  this  point  are 
given  in  Fig.  7.  In  general,  these  fuses  blow  very  quietiy,  provided 
that  the  plaster  covering  does  not  crack  or  rupture  ;  when  this  occurs 
bad  arcing  frequently  results,  and  a  loud  report  is  produced. 

It  is  essential  that  the  whole  length  of  the  fuse  wire  should  be 
embedded  in  the  plaster ;  this  can  be  effected  by  soldering  the  fuse  to 
float  copper  connecting  wires,  one  end  of  the  wire  being  connected  to 
the  fuse  contacts,  while  the  other  is  embedded  in  the  plaster.  A  con- 
tuning  envelope  or  jacket,  even  if  only  of  slight  mcchanica  strength, 
i«  rs<«ntial  for  plaster  fillings. 

Effect  of  Moisture  in  the  Filling. — The  presence  of  moisture  in  the 
filling  may  aflcct  the  fuse  in  the  following  ways  : — 

(a)  by  actual  combination  with  the  filling  material,  causing  it  to 
set  or  otherwise  altering  its  condition,  e^,,  plaster  of  Paris. 
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(6)  A  filling  which  has  been  moist  may  on  subsequent  drying 
become  more  or  less  coherent  or  caked. 

(c)  An  absorbent  filling  or  a  hygroscopic  one  will  affect  the  arc 
disruption  by  cooling  it,  but  may  give  rise  to  considerable 
pressure  due  to  the  generation  of  steam.  It  will  also  give 
rise  to  electrolytic  corrosion  in  course  of  time. 
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Fig.  16. — Oscillograms  of  Enclosed  Fuse  on  220-volt  Inductive  Circuit. 

A.  05  per  cent. 

B.  37  per  cent. 

C.  12-8  per  cent. 

D.  Same  as  (c),  but  arc  persisted  longer.    Given  to  show  the  charac- 

teristic voltage  rise  at  break  when  powder  is  moist. 

Copper  wire,  No.  27.    Calais  sand  filling  with  various  amounts  of  moisture. 


(d)  The  filling  may  be  normally  dry,  the  liquid  being  held  in  a 
special  vessel  or  container,  and  only  liberated  on  a  short 
circuit  taking  place  when  it  extinguishes  the  arc. 
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With  enclosed  fuses  in  general  the  jacket  affords  considerable 
protection  from  moisture,  and  the  filling  materials  usually  employed  do 
not  cake  or  cohere.    Moisture  in  the  filling,  however,  is  not  unusually 


SeoUon 

•nuiH  ^o.n 

Fig.  17. — Construction  of  "Koolark"  Fuse. 
(Rcpnidaccd  by  kiod  pennlMioii  of  Uie  Electrician  Publishing  Co.) 

present  in  commercial  forms  of  fuses  in  red  fibre  jackets,  as  it  exudes 
on  tests  when  the  fuse  becomes  hot.  The  closing  of  the  vent  holes 
o^  socb  fuses  with  a  disc  of  glazed  paper  does  not  seem  to  be  a  very 
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Fic.  18.— Oscillograms  of  "  Koolark  "  Fuse  on  220-voU  Circuit. 

A.    Without  glMs  tube. 
a    With  gUM  tube. 

Short-circuit  current  *  33  x  K.F.C. 

cftcieni  means  of  preventing  the  ingress  of  moisture  in  damp 
situations. 

Experiinent»  were  made  with  Calais  sand  as  representing  a  siliceous 
Doo-abtorptive  fiUiog.    Oscillograms  of  a  copper  fuse  on  a  aao-volt 

Vol   41.  6 
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inductive  circuit  with  fillings  containing  up  to  I2*8  per  cent,  of  water 
by  weight  are  given  in  Fig.  i6. 

A  consideration  of  these  would  seem  to  show  that  no  very  marked 
effect  is  produced  on  the  action  of  the  fuse  by  moderate  amounts  of 
moisture  in  the  filling,  but  that  when  in  excess — with  12 '8  per  cent 
of  water  the  filling  was  almost  "sloppy" — it  produces  irregularity 
of  action  in  the  fuse. 

Experiments  were  then  made  with  a  filling  of  Trent  sand ;  this  is 
much  finer  in  texture  than  Calais  sand,  and  absorbs  water  freely,  ulti- 
mately forming  a  mud.  As  the  percentage  of  moisture  in  the  Trent 
sand  was  increased,  the  action  of  the  fuse  became  irregular,  but  with 
the  moderately  wet  sand  tightly  packed  a  quick  break  and  high  voltage 
rise  resulted.  In  this  series  of  oscillograms  of  fuses  in  Trent  sand, 
which  are  not  reproduced  here,  the  arc  was  broken  very  quickly,  due 
probably  to  its  being  cooled  by  the  evaporation  of  the  water.  This 
point  is  of  interest  in  connection  with  a  type  of  fuse  recently  placed 
upon  the  market  in  which  a  special  liquid  enclosed  in  a  small  glass 
tube  Is  disseminated  throughout  the  filling  when  the  fuse  is  subjected 
to  a  short  circuit  When  the  fuse  blows  with  a  moderate  overload  the 
glass  tube  is  not  broken  and  the  filling  remains  dry. 

The  construction  of  this  fuse  is  shown  in  Fig.  17,  which  is  an  illus- 
tration of  E.  B.  Schattner's  enclosed  fuse  known  as  the  "  Koolark  "  fuse. 
Oscillograms  showing  its  behaviour  on  short  circuit  (a)  without  the 
glass  tube ;  (b)  with  the  glass  tube  are  shown  in  Fig.  18. 

Although  moisture  in  the  filling  may  not  very  seriously  affect  the 
action  of  the  fuse  as  far  as  the  suppression  of  the  arc  is  concerned,  its 
presence  in  enclosed  fuses  is  not  at  all  desirable,  as  it  would  certainly 
lead  to  corrosion  and  electrolytic  troubles,  particularly  if  a  contact 
difference  of  potential  exist  between  the  fuse  and  the  wire  or  lug 
connecting  it  to  the  fuse  contacts. 

VII.  The  Time  Element. 

Experiments  were  made  to  determine  the  relative  time  element  for 
fuses  of  a  given  metal  having  the  same  cross- sectional  area  in  cut-outs 
of  open  and  enclosed  types. 

Expressing  the  overload  as  a  percentage  of  the  normal  fusing 
current,  it  was  found  that  enclosing  the  fuse  increases  the  time  element. 
This  is  particularly  noticeable  for  small  overloads,  which  allow  of 
sufficient  time  for  the  conveyance  of  heat  to  the  filling  before  the  fuse 
is  disrupted.  For  large  overloads  the  difference  in  time  element  is 
not  so  marked,  since  the  time  is  too  short  for  much  heat  to  be  conveyed 
to  the  filling.  Since  the  normal  fusing  current  for  an  enclosed  fuse  is 
considerably  greater  than  that  of  the  same  fuse  when  free  in  air  from 
terminal  to  terminal,  and  since  we  are  expressing  the  overload  as  a 
percentage  of  the  normal  fusing  current,  it  is  on  this  basis  conceivable 
that  an  enclosed  fuse  would  operate  more  quickly  than  an  open  one  of 
the  same  cross-sectional  area  owing  to  the  larger  current  taken  by  the 
enclosed  fuse.    This  is  found  to  be  the  case,  and  curves  illustrating  it 
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Time     in     &«conda. 
Fio    19. — Relative  Time  Elements  for  Open  and  Enclosed  Puses. 

Tin  wire.  Na  17  &W.G. 
K.F.C  In  air  a  ao  ampere*. 
N.F.C  In  Calais  und  «  rr$  ampcrct. 
Internal  diameter  ol  6hn  Jacket,  0-5  in. 
External  diameter  of  fibre  Jacket  075  in. 
Owrloadft  reckoned  as  a  peroentafe  of  the  respective  normal  fusing  currents.    Fuses  initially  cold. 
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are  given  in  Fig.  19  for  tin.  This  effect  is  also  shown  in  Fig.  20  for 
copper.  A  consideration  of  this  figure  shows  that  for  a  given  size  of 
copper  wire  there  is  a  good  deal  of  difference  in  the  normal  fusing 
current  for  the  various  kinds  of  filling.  The  curves  connecting  time 
and  percentage  overload,  however,  lie  well  together,  but  they  are  not 
placed  in  the  same  qrder  as  that  of  the  normal  fusing  currents. 

This  is  due  to  the  filling  not  only  influencing  the  time  taken  to  blow 
the  fuse  with  a  given  current,  but  also  the  normal  fusing  current,  and 
consequently  the  percentage  overload,  which  is  based  upon  it ;  and  it  is 
evident  that  these  two  effects  tend  to  neutralise  each  other  as  far  as 
regards  position  on  the  curve. 
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Fig.  21.— Relative  Time  Elements  for  Copper  Wires  of  same  Diameter 
(No.  27  S.W.G.)  plotted  against  Fusing  Currents  in  Amperes  for  Open 
and  Enclosed  Fuses  with  various  Fillings.    Fuses  initially  cold. 

A.  Open-type  fuse. 

B.  Enclosed  fuse  Calais  sand  filling. 

C.  Enclosed  fuse  Trent  sand  filling  (loosely  packed). 

D.  Enclosed  fuse  Trent  sand  filling  (Ughtly  packed). 


This  point  is  emphasised  by  plotting  curves  under  the  same  con- 
ditions as  above,  but  connecting  time  of  fusion  and  current  in  amperes 
as  in  Fig.  21.  It  will  be  seen  that  the  curves  now  lie  much  further 
apart,  and  also  that  they  are  placed  in  the  same  order  as  the  thermal 
conductivities  of  the  fillings  given  in  Fig.  14. 

Relative  Time  Element  for  Open  and  Enclosed  Fuses  with  the  same 
Normal  Fusing  Current, — A  copper  wire  in  an  enclosed  cut-out  with 
Calais  sand  filling  was  found  to  have  a  normal  fusing  current  of 
30  amperes.  A  second  copper  wire  was  then  taken  and  drawn  down 
so  as  to  have  as  nearly  as  possible  this  normal  fusing  current  in  air. 
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The  lime  elements  for  these  two  wires  were  then  found  for  various 
ovcrknds,  and  the  results  are  shown  graphically  in  Fig.  23,  where  the 
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Kic  22, — Curves  connecting  Current  and  Time  of  Fusion  for  a  No.  27 
S.W.G.  Copper  Fuse  in  Calais  Sand  in  Glass  Tut>es  of  various  Internal 
Duuncters  and  the  same  Thickness  of  Wall.    Fuses  initially  cold. 


Time  in  second  & 


l-K*.  J>— Relative  Time  Elements  for  Copper  Wires  with  approximately  the 
•amc  N.F.C.  in  Air  and  in  Calais  Sand.    Fuses  initially  cold. 

A.  N.F.C.  In  air  «  3a  amperes. 

B.  N.F.C.  in  Calais  sand  «  jo  amperes. 


cro»Mng  of  the  curves  owing  to  the  smaller  amount  of  metal  in  the 
cockMcd  ftnc  is  clearly  shown. 
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Temperature  Rise  for  Jackets  of  Enclosed  Fuses. 

The  chief  factor  which  determines  the  temperature  rise  of  an 
enclosed  fuse  as  measured  by  the  external  temperature  attained  by  the 
jacket  is  the  melting-point  of  the  metal  employed,  metals  with  high 
melting-points  on  continuous  overloads  giving  a  higher  external 
temperature  on  a  jacket  of  given  diameter  than  those  of  greater 
fusibility. 

In  Fig.  24  curves  are  given  of  the  temperatures  attained  by  the 
outside  surfaces  of  red  fibre  tubes  with  Calais  sand  filling  with  tin,  zinc, 
and  copper  as  the  fuse  metals  when  run  with  various  percentages  of 
their  fusing  currents. 
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Fig.  24. — External  Temperature  Rise  for  Fuses  of  Different  Metals  enclosed 
in  Red  Fibre  Tubes,  J-in.  Internal  and  f-in.  External  Diameter,  and 
2*4  in.  long. 

Normal  f usinf*  currents  when  enclosed  :— 

Tin,  28  amperes. 
Zinc,  26  amperes. 
Copper,  30  amperes. 

The  filling  in  each  case  was  Calais  sand. 

A  consideration  of  this  figure  shows  that  copper  gives  the  highest 
temperature-rise,  but  that  when  running  at  50  per  cent,  of  its  normal 
fusing  current  (i.e.,  when  rated  to  blow  with  100  per  cent,  overload)  the 
temperature  attained  even  at  full  load  is  not  excessive,  and  that  when 
running  at  the  rating  given  in  the  Institution  Wiring  Rules,  namely,  200 
per  cent,  overload  for  fusion — the  external  temperature  of  the  jacket 
does  not  differ  very  materially  from  that  obtaining  with  zinc  and  tin. 

The  temperatures  in  each  case  were  determined  by  means  of  a 
platinum  wire  spiral  wound  closely  over  the  jacket.  With  regard  to 
the  temperature  of  the  inside  of  the  jacket  a  number  of  determinations 
were  made  which  showed   that   the   inside   temperatures  were  not 
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greatly  in  excess  of  those  obtaining  outside  except  in  the  case  of 
copper. 

In  these  experiments  the  platinum  spiral  which  was  used  as  a 
thctmometer  was  placed  as  close  as  possible  to  the  inner  wall  of  the 
jacket,  but  the  results  obtained  were  rather  variable  owing  to  the 
liability  of  the  platinum  spiral  to  displacement  when  packing  the  filling 
into  the  cartridge. 

Temperature  Rise  and  Diameter  tjf  Jacket,— The  temperature  rise  of 
the  jacket  is  a  function  of  the  diameter  of  the  cartridge  employed  ;  the 
unaller  the  latter  is  the  higher  will  be  the  external  temperature  of  the 
jacket    This  effect  is  illustrated  by  the  results  shown  in  Fig.  25,  which 
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Fiu.  }>— RelatiTc  External  Temperature  Rise  with  a  No.  37  S.W.G.  Copper 
Wire  with  Calais  Sand  PiUinf  (N.F.C.  enclosed  »  30  Amperes),  enclosed 
in  Red  Fibre  Tubes  o(  the  following  Diameters,  with  a  steady  Current  of 
30  Amperes  passing  through  the  Fuse  : — 


Intenul  Diameter 

Eittcmsl  DLamcter 

BcdnbraTiibc 

ta  Inches. 

inlncbea. 

A        _ 

aia 

<rtS 

B       ... 

0^5 

0-45 

c       ... 

0*5         •..        . 

075 

givrs  the  temperature  rise  for  a  copper  fuse  (N.F.C.  =  30  amperes) 
with  a  Calais  sand  fillings  and  red  fibre*  jackets  of  various  diameters. 

Temperaimrt'rise  and  Material  of  Filling. — Experiments  on  the  effect 
at  the  character  of  the  filling  material  on  the  temperature  rise  of  the 
jacket  were  made  with  two  similar  fuses  in  fibre  cases  ^  in.  in  internal 
diameter. 

In  the  one  case  Trent  sand,  which  is  a  comparatively  poor  conductor 
d  beat  (sec  Fig.  14),  was  employed  as  the  filling,  while  in  the  other 
Calais  aad»  which  is  a  comparatively  good  conductoi  of  heat,  was 
used. 

Corves  connecting  the  temperature  rise  of  the  jacket  with  these  two 
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fillings  and  the  percentage  of  the  fusing  current  are  given  in  Fig.  26. 
From  the  point  of  view  of  low-jacket  temperatures,  fillings  with  a  low 
heat  conductivity  are  desirable. 

Effect  cf  jacket  Material  on  the  External  Temperature, — In  order  to 
determine  the  effect  of  the  jacket  material  on  the  external  temperature 
attained  similar  tubes  of  red  fibre  and  of  brass  were  employed  as 
jackets.  In  order  that  the  temperature  of  the  metal  tube  could  be 
measured  by  means  of  a  platinum  spiral  both  jackets  were  covered 
with  a  thin  layer  of  asbestos  paper.  The  difference  in  temperature  rise 
with  a  given  load  in  the  two  cases  was  found  to  be  very  slight,  the 
external  temperature  of  the  metal  tube  being  slightly  higher  than  that 
of  the  fibre  tube. 

Measurements  of  the  temperature  of  the  inside  surface  of  the  jacket 
were  found  to  be  unreliable  for  the  reason  already  referred  to. 


2o>        40         60         do       100 

Percentage  (f  normal  fuSMig  current, . 

Fig.  26.— Relative  External  Temperature  Rise  with  a  No.  27  S.W.G.  Copper 
Wire  (N.F.C.  enclosed  =  30  Amperes),  enclosed  in  a  Red  Fibre  Jacket, 
}-in.  Internal  Diameter,  with  the  following  Fillings  :  — 


Calais  sand  (relatively  good  conductor  of  heat). 
Trent  sand  (.relatively  poor  conductor  of  heat). 


Deterioration  of  Red  Fibre  at  High  Temperatures.— k  short  scries  of 
experiments  were  carried  out  to  determine  the  effect  of  high  tempera- 
tures on  red  and  black  fibre,  with  the  following  results  :— 

1.  Red  and  black  fibre  heated  at   180°  C. :    A  slight  amount  of 

moisture  came  off  in  the  form  of  steam,  but  there  was  no 
charring. 

2.  Red  and  black  fibre  heated  to  210°  C.  for  forty-five  minutes  : 

The  specimens  got  very  dry  but  were  not  apparently  charred. 

3.  Red  and  black  fibre  heated  to  240°  C. :   The  specimens  first 

became  brittle  and  then  charred. 
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WHh  material  composed  largely  of  vegetable  fibre  brittleness  and 
charring  may  be  induced  by  exposing  it  for  a  long  period  of  time 
to  tcmpcratores  considerably  lower  than  those  referred  to. 

With  fibre  tubes  charring  frequently  occurs  as  the  result  of  a  short 
cinmit,  and  even  if  it  does  not  show  on  the  outside  of  the  jacket  an 
examination  will  frequently  show  that  the  inside  surface  has  been 
bhstcred. 

Note  on  the  Rating  of  Fuses. 

A  good  deal  of  confusion  exists  as  to  the  rating  of  fuses  owing  to  the 
variety  ol  conditions  on  which  this  rating  may  be  based,  the  following 
maggcstaoos  are  therefore  put  forward  with  a  view  of  eliciting  discussion 
oo  this  point  and  of  possibly  clearing  away  some  misconceptions. 

Since  the  various  circuits  met  with  in  practice  are  capable  of  with- 
standing withoot  injury  definite  amounts  of  overload/this  fact  would 
»cem  to  afford  a  sound  basis  for  fixing  the  limit  for  the  normal  fusing 
current  of  the  fuse  emplo]^  to  protect  the  circuit 

The  fuse  may  with  advantage  be  designated  by  the  normal  full- 
load  corrent  of  the  circuit  on  which  it  is  to  be  employed.  Thus,  a 
"  50-ampere  fuse  "  would  mean  a  fuse  for  the  protection  of  a  circuit  the 
normal  fall-load  current  of  which  is  50  amperes. 

The  fuse  may  be  designed  to  blow  with  any  current  greater  than  this 
that  may  be  desired. 

The  fnse  selected  should  be  such  that  when  carrying  continuously  a 
corrent  slightly  less  than  its  normal  fusing  current  no  injury  to  the 
ctrcnit  doe  to  overheating  should  result 

As  an  example  of  this  method  of  procedure  we  have  collated  the 
experimental  results  recently  obtained  by  Kennelly  and  Shepard  *  for 

Table  X. 

Temperature  Rise  of  Rubber<overed  Wire  in  Wood  Casing  Sailed  to  the 

Floor  from  ike  Experiments  of  Kennelly  and  Shepard, 
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"Heating  of  Ofpper  Wires,"  Tranuutions  0/ tkt  American  ItistttnU  of  EUctrUal 
VOL  j6.  1907. 
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the  heating  of  copper  conductors  insulated  with  rubber  and  laid  in 
wood  casing,  with  the  regulations  as  to  temperature  rise  and  maximum 
current  permissible  contained  in  the  1907  edition  of  the  Wiring  Rules 
issued  by  this  Institution.  The  results  are  given  in  Table  X.  The 
wires  in  each  case  took  about  thirty  minutes  to  attain  to  their  maximum 
temperatures  with  a  given  load. 

Assuming  in  a  given  case  that  we  decide  to  work  with  a  factor  of 
safety  of  2  on  the  I.E.E.  limit,  column  A  Table  X.,  and  to  take  their 
figure  for  the  permissible  normal  full-load  current  of  the  circuit,  wc 
can  then  express  the  normal  fusing  current  of  the  fuse  required  as  a 
multiple  of  the  normal  full-load  current  of  the  circuit.  Thus  for  a 
wire  0*050  in.  diameter  and  a  full-load  circuit  current  of  4*52  amperes 
(see  Table  X.)— 

A  =  Current  required  to  attain  maximum 

permissible  temperature     20*00  amperes. 

B  =  Permissible  full  load  current  (I.E.E)...      4*52      „ 

A      I 
Normal  fusing  current  =  B  x  ,*  ^  -• 

t>      2 

„        20        I 
=  B  X X- 

4-52  ^  2 

=  4-5X  2-2. 

The  figure  obtained  by  dividing  the  maximum  permissible  over- 
load by  the  full-load  current  of  the  circuit  represents  the  "  sensitive- 
ness/' or,  more  correctly  speaking,  the  insensitiveness  of  the  fuse. 

It  should  not  be  a  difficult  matter  to  determine  the  suitable  sensi- 
tiveness for  fuses  required  for  the  protection  of  arc  lamp,  heating,  or 
motor  circuits. 

The  normal  fusing  current  for  a  fuse  should  be  determined  by  direct 
experiments.  A  curve  should  be  plotted  for  fusing  currents  on  a  time 
base,  taking  in  the  first  instance  currents  slightly  in  excess  of  the 
normal  fusing  current  and  then  reducing  the  current  and  noting  when 
the  current  curve  becomes  parallel  to  the  axis  of  time. 

This  procedure  is  a  little  laborious  but  is  absolutely  necessary  in 
view  of  the  length  of  time  which  large  enclosed  fuses  take  to  attain  a 
steady  temperature. 

This  point  is  illustrated  by  Figs.  27  and  28  for  American  enclosed 
fuses  given  by  Dean  Harvey*  in  a  recent  number  of  The  Electric 
journal, 

A  consideration  of  Fig.  27  shows  that  in  order  to  obtain  a  correct 
value  for  the  normal  fusing  current  of  the  400-ampere  enclosed  fuse 
(Fig.  29)  a  longer  time  than  that  shown  should  be  taken. 

The  normal  fusing  current  for  a  given  line  of  fuses  should  be 
obtained  by  the  manufacturers  or  by  an  independent  testing  authority 
and  the  fuses  should  be  marked  with  their  rating  before  being  placed 
on  the  market. 

•  "  Fuses,"  Tht  EUctric  JouniaU  vol.  3,  p.  159,  1906. 
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In  the  United  States  the  regulations  given  in  the  National  Electric 
Code  (1905)  as  regards  rating  are  as  follows  : — 

0^'iypt  Fuses. — Must  be  stamped  with  about  80  per  cent,  of  the 
maximum  current  which  they  can  carry  indefinitely,  thus 
allowing  about  25  per  cent,  overload  before  the  fuse  melts. 
Note  :  With  naked  open  fuses  of  ordinary  shapes  and  with  not 
over  $00  amperes  capacity  the  minimum  current  which  will 
melt  them  in  about  five  minutes  may  be  safely  taken  as  the 
melting-point,  as  the  fuse  practically  reaches  its  maximum 
temperature  in  this  time.  With  larger  fuses  a  longer  time  is 
necessary.    This  data  is  given  to  facilitate  testing. 

Enclosed  Fuses. — With  the  surrounding  atmosphere  at  a  temperature 
of  75*  F.  they  must  carry  indefinitely  a  current  10  per  cent. 
greater  than  that  at  which  they  are  rated,  and  a  current  25  per 
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Fig.  27  (Dean  Harvey).— Curve  showing  Overbad  Capacity  of  Soo-volt, 
400-ampere  National  Standard  Enclosed  Fuse. 

cent  greater  than  the  rating,  they  must  open  the  circuit  with- 
out reaching  a  temperature  which  will  injure  the  fuse- tube  or 
terminals  of  the  fuse  block.  With  a  current  50  per  cent, 
greater  than  the  rating,  and  at  a  room  temperature  of  75**  F., 
the  fuses  starting  cold  must  blow  within  the  following  times : — 

Ca|»acUy  oi  Fme.  Time. 


0-30  amperes 

30  seconds. 

31-60 

I  minute. 

61-100 

2  minutes. 

101-200 

4 

201-400 

.         ...          8        „ 

401-600 

10 

Note  on  the  Time  Element  of  Fuses. 

We  have  seen  that  the  rating  of  a  fuse  may  be  determined  from 
a  consideration  of  the  permissible  temperature  rise  in  the  circuit  to  be 
protected  ;  the  time  clement  of  a  fuse  is,  however,  dependent  upon 
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the  heat  capacity  of  the  fuse  and  its  immediate  surroundings.  The 
time  element  of  a  fuse  may  be  defined  as  the  time  lapse  necessary 
for  the  heating  of  the  fuse  from  the  cold  state  to  the  fusing-point  with 
a  given  overload. 

The  heat  capacity  of  a  fuse  will  be  proportional  to  the  mass  heated, 
the  average  specific  heat  of  the  mass,  and  the  temperature  rise  from 
the  cold  state  to  the  melting-point. 


MK^J 

^^ 

_A 

^ 

'^ 

^^ 

— 

y 

? 

/ 

1 

/ 

1 

a 

J 

looa 

mpr- 

--> 

<-- 

... 

660 

XAVM, 

* 

DC-  - 

3 

Time 


4 
hours. 


Fig.  28  (Dean  Harvey).  —Curve  showing  Rating  Test  of  250-voIt,  600- 
ampere  National  Standard  Enclosed  Fuse. 


With  enclosed  fuses  this  heat  capacity  will  vary  with  the  character 
of  the  overload,  since  with  large  overloads  there  is  insufficient  time  for 
the  conduction  of  heat  from  the  fuse  to  the  filling,  and  the  temperature 
rise  of  the  latter  is  consequently  small. 

Apart  from  the  above  consideration  the  time  required  for  reaching 
the  fusing-point  is  for  a  given  fuse  inversely  proportional  to  the  square 
of  the  current. 

The  heat  capacity  of  a  fuse  may  be  varied  by  changes  in  : — 

(a)  The  fuse  metal. 

(6)  The  shape  of  the  fuse. 

(c)  The  environment  of  the  fuse. 

These  variations  may  be  made  use  of  for  altering  the  time  element 
of  a  fuse  for  a  fixed  rating  to  a  considerable  extent.  The  greatest  dif- 
ference in  time  element  will  be  between  an  open  fuse  of  copper  and 
an  enclosed  fuse  of  a  sluggish  metal  such  as  tin  or  zinc  ;  Fig.  29  shows 
the  relative  time  elements  of  such  fuses  with  a  fusing  current  of  about 
250  amperes.  The  results  given  are  collated  from  Meyer's*  experi- 
ments for  copper  fuses  and  from  Edward  Taylor's  |  tests  on  enclosed 

*  /.ur  Thcoric  der  Abschnulzsicherungcn,  R.  Oldeabuurg,  Berlin,  1907. 
f  Street  Railway  Jouf  naif  vol.  25,  p.  548,  1905. 
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fases.  A  consideration  of  Fig.  29  shows  that  with  an  overload  of 
50  per  cent  the  time  elements  for  enclosed  and  open  fuses  are 
as  4  to  I  and  at  25  per  cent,  overload  as  7  to  i. 

The  alx>ve  considerations  hold  for  fuses  of  the  same  rating;  the 
time  element  for  a  given  type  of  fuse  will,  of  course,  vary  with  the 
capacity  of  the  fuse. 

It  ts  desirable  that  a  definite  basis  for  reference  should  be  established 
for  the  time  element,  and  we  would  suggest  that  the  time  element  of 
a  fuse  should  l>e  defined  as  follows  : — 

The  iinu  element  of  a  fuse  is  that  time  which  is  required  to  heat  up 
the  fuse  from  ike  cold  state  until  it  blows  with  an  overload  of  50  fer  cent, 
reckoned  on  the  normal  fusing  current  of  the  fuse. 
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Fio.  39.— Relative  Time  Elements  of  Enclosed  and  Open-type  Fuses. 

N.F.C  about  250  ampemw 

A.  Zloc  encloaed  type. 

B.  Copper  open  type. 


For  large-size  enclosed  fuses  the  time  element  as  defined  above 
would  be  of  the  order  of  four  or  five  minutes.  For  metals  with  low 
melting-points  the  time  element  will  be  decreased  if  the  external 
temperature  is  high. 

Note  on  Short-circuit  Currents. 

It  is  e\'ident  that  the  position  of  a  fuse  on  a  system  with  reference 
to  the  generators  will  largely  determine  the  character  of  the  current 
ru^  on  short  circuit ;  it  would  therefore  seem  advisable  that  fuses 
fhotUd  be  tested  with  the  short-circuit  currents  which  would  be  likely 
to  be  met  with  in  the  class  of  circuit  which  they  are  intended  to  protect. 
It  fthoold  not  t>c  expected,  for  instance,  that  a  fuse  on  a  distribution 
board  in  a  house  installation  should  be  tested  on  a  dead  short  circuit 
acros*  station  busbars. 
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We  have  restricted  this  paper  to  a  consideration  of  fuses  up  to 
50  amperes  for  house  service,  and  in  this  class  of  installation  the  maxi- 
mum drop  in  volts  with  the  full-load  current  is  usually  limited  to  2  per 
cent.  With  the  fuse  rated  to  blow  with  twice  the  full-load  current  this 
maximum  drop  would  be  doubled,  so  that  as  an  average  value  with  the 
normal  fusing  current  of  the  fuse  flowing  in  the  circuit  a  drop  of  3  per 
cent,  may  be  taken ;  this  value  is  also  supported  by  experimental 
evidence.  As  already  pointed  out,  this  arrangement  neglecting  the 
resistance  of  the  fuse  allows  of  a  short-circuit  current  =  33  x  N.F.C. 
of  the  fuse. 

Whether  a  fuse  on  short  circuit  blows  before  the  current  has  time  to 
reach  the  value  limited  by  the  resistance  of  the  circuit  depends  upon 
the  nature  of  the  fuse,  the  amount  of  the  short-circuit  current  relative 
to  the  normal  fusing  current  and  upon  the  inductance  of  the  circuit. 

The  German  regulations  as  to  short-circuit  tests  are  as  follows : — 

"  The  output  capacity  of  the  source  of  current  and  the  resistance 
of  the  leads  are  to  be  so  arranged  that  at  the  time  the  fuse  blows  the 
total  fall  of  pressure  in  them  shall  not  exceed  i  per  cent.  These  con- 
ditions will  be  regarded  as  being  fulfilled  if  in  the  place  of  the  fuse  an 
adjustable  resistance  is  placed  arranged  to  carry  a  current  of  twenty 
times  the  normal  carrying  capacity  of  the  fuse  (this  current  must  not, 
however,  be  less  than  400  amperes),  and  at  the  same  time  the  pressure 
across  the  terminals  of  this  resistance  must  not  be  less  than  the  normal 
pressure  of  the  circuit  for  which  the  fuse  is  intended,  the  drop  in  the 
rest  of  the  circuit  being  not  more  than  10  per  cent,  of  this.  When 
matters  have  been  arranged  to  comply  with  the  foregoing  conditions  the 
switch  is  to  be  opened,  the  resistance  removed,  and  the  fuse  replaced. 
On  closing  the  switch  the  fuse  must  melt  without  maintaining  an  arc 
and  without  explosive  violence." 

We  have  found  that  when  the  short-circuit  current  was  limited  to 
thirty  or  forty  times  the  normal  fusing  current  for  a  20-ampere  fuse,  the 
magnitude  of  the  short-circuit  current  was  independent  of  the  capacity 
of  the  generators  employed  within  the  following  limits  : — 

(i)  A  50-k.w.  machine. 

(2)  Four  loo-k.w.  generators  with  a  450  ampere-hour  battery  in 
parallel. 

It  would  seem,  therefore,  that  if  the  current  rush  on  short  circuit  is 
limited  as  above  for  testing  purposes,  the  capacity  of  the  generator 
need  only  be  such  that  it  will  not  be  seriously  overloaded  by  the  short- 
circuit  current  in  question.  Since  the  duration  of  the  short-circuit 
current  is  so  small,  being  of  the  order  of  a  few  hundredths  of  a 
second,  the  voltage  of  the  machine  is  maintained.  In  our  experi- 
ments two  or  three  loo-k.w.  machines  were  employed  in  parallel  with 
the  battery  mentioned  above. 

Measurements  of  the  order  of  magnitude  of  the  short-circuit  currents 
likely  to  be  obtained  on  networks  and  in  stations  require  to  be  made 
for  pressures  up  to  700  volts. 
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Note  on  the  End  Caps  op  Enclosed  Cut-outs. 

In  enclosed  cot-outs  in  which  the  fuse  wire  or  strip  is  carried 
tfaroogfa  a  hole  or  slot  in  the  end  cap  or  ferrule  and  then  secured  by 
solder  or  in  a  terminal  of  some  sort,  it  is  necessary  to  protect  these 
bote  from  damage  from  the  arc,  particularly  if  they  are  used  as  gauging 
dcticcs  to  limit  the  wire  or  strip  employed  to  a  predetermined  size. 

If  the  distance  between  the  end  caps  is  such  that  an  arc  can  be  set 
op  between  them,  the  hole  or  slot  will  either  be  considerably  enlarged 
or  damaged  by  fusion,  or  the  wire  or  strip  ends  will  become  fused  to 
the  caps. 

This  can  be  prevented  by  a  device  due  to  one  of  us  in  which  the 
fuse  wire  or  strip  before  entering  the  hole  or  slot  in  the  end  cap  or 
fmc  contact  makes  contact  with  a  washer  or  other  easily  renewable 
■kctal  piece  which  is  in  electrical  contact  with  the  end  caps  or  fuse 
contacts,  and  is  therefore  at  the  same  electrical  potential  as  they  are. 
The  dama^  will  then  be  confined  to  the  removable  metal  piece. 

It  woold  appear  advisable  to  do  without  free  holes  or  openings  in 
tbe  end  caps  as  far  as  this  is  possible,  as  they  not  only  allow  of  the 
rmmion  of  flame  on  short  circuit,  but  seem  to  favour  the  persistence 
of  tbe  arc 

In  coodosion,  our  thanks  are  due  to  the  Principal  and  Committee  of 
tbe  School  of  Technology,  Manchester,  in  the  electrical  laboratories 
of  which  institution  the  tests  were  made,  for  generous  facilities  for 
CM  lying  out  the  very  large  number  of  experiments  necessary,  and 
to  Messrs.  E.  L.  Rhead,  C.  C.  Metcalfe,  W.  White,  J.  Davies,  B.  Hoyle, 
A,  K.  Bentley,  A.  Taylor,  J.  Gibbs,  C.  Browne,  and  E.  B.  Schattner 
for  material  supplied. 
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Mr. 
Andrews. 


Discussion  in  London. 

Mr.  Leonard  Andrews  :  There  are  quite  a  number  of  points  I 
should  like  to  refer  to,  but  I  will  deal  with  just  one  or  two  only. 
On  page  47  the  authors  refer  to  the  curious  fact  that  "the  mini- 
mum no-arc  length  seems  to  be  larger 
with  a  short  circuit  of  ten  times  the 
normal  fusing  current  than  with  a 
current  thirty-three  times  the  normal 
fusing  current."  This  is  a  peculiar 
feature  that  I  think  all  of  us  who 
have  experimented  with  fuses  have 
often  noticed  and  remarked  upon. 
On  page  48  the  authors  suggest  one 
or  two  explanations  for  this,  and  one 
they  refer  to  is  that  the  magnetic 
blow-out  effect  due  to  the  larger  cur- 
rent in  the  leads  may  assist  to  ex- 
tinguish the  arc.  I  carried  out  a 
number  of  experiments  at  Hastings 
some  years  ago  with  high-tension 
fuses,  and  I  came  to  this  same  con- 
clusion, namely,  that  the  magnetic 
blow-out  effect  has  a  great  deal  to  do 
with  it.  A  number  of  those  experi- 
ments were  illustrated  and  described 
in  a  book  I  published  some  years  ago, 
"  Electricity  Control "  ;  but  there  is 
one  experiment  that  I  have  not  re- 
ferred to  before  that  appears  to  me 
to  particularly  show  there  is  some 
truth  in  the  author's  suggestion. 

I  was  endeavouring  to  utilise  this  magnetic  blow-out  effect  to 
extinguish  the  arc  from  a  high-tension  switch.  It  was  before  the  days 
when  one  recognised  that  an  open-air  arc  is  a  very  bad  thing  to  use.    I 


Fig.  a. 
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ooQstniclcd  a  trigger-switch  having  a  moving  blade  of  the  shape  Mr. 
shown  in  Fig.  A.  The  idea  I  had  in  my  mind  was  that  as  the 
iow  of  current  in  the  moving  blade  would  be  in  the  opposite 
dircctioa  to  that  of  the  current  in  the  arc,  there  would  be  a  strong 
nof^aak:  repcllant  effect  between  the  two.  I  found  that  with  about  a 
4-in.  break  I  could  reliably  interrupt  a  circuit  of  about  loo  amperes  at 
U300  volts,  tmt  when  the  current  was  reduced  to  about  50  amperes 
then  the  arc  was  maintained,  which,  I  think,  is  an  e£fect  very  similar  to 
wfaai  the  authors  refer  to.  Later  on  in  the  paper  the  authors  refer  to 
the  effect  that  the  shape  of  the  angle  of  the  cable  may  have  upon  the 
blowing  of  the  fuse,  and  they  refer  to  some  interesting  experiments.  I 
woold  like  to  ask  whether  they  have  ever  tried  the  effect  of  crossing 
the  connections  to  the  contacts,  as  shown  in  Fig.  B. 

Under  such  conditions  the  repelling  effect  is  very  strong.  I  tried 
the  experiment  of  short-circuiting  a  copper  fuse  wire,  having  a  normal 
tasuig  current  of  200  amperes,  supported  on  terminals  6  in.  apart, 
» the  terminals  of  a  2,000  Mordey  alternator.    The  current,  which 


Fig.  B. 

probably  exceeded  1,000  amperes,  was  effectively  broken  time  after 
tune  by  the  magnetic  repulsion  of  the  current  in  the  leads.  Whereas, 
d  the  wires  had  been  brought  in  straight  in  the  ordinary  way,  what 
the  anthors  call  the  minimum  no-arc  length  would  have  been  at 
lca»t  four  times  that  length.  I  suggest  this  idea  might  be  usefully 
employed  in  connection  with  house  service  fuses.  I  notice  the 
jothors  say  on  page  48  that  with  enclosed  fuses  it  was  found  that  the 
rcMilts  of  short  circuits  were  much  more  severe  with  33  times  the 
aormal  fusing  current  than  with  ten  times  the  normal  fusing  .current, 
that  is  to  say,  contrary  to  the  results  they  got  with  open  fuses.  That 
ha»  DOl  been  my  experience  with  high-tension  fuses,  and  it  would  be 
■Blcresting  to  hear  what  other  engineers'  experiences  have  been.  For 
mtfanrr,  I  have  frequently  had  cases  of  a  comparatively  light  fuse 
fjiiiog  to  interrupt  a  circuit  when  there  has  been  a  short  circuit  of 
perhaps  twice  the  normal  fusing  current,  whereas  with  a  heavy  short 
arcmt  of,  say,  10  or  20  times  the  normal  fusing  current,  the  fuse  has 
operated  perfectly.  I  was  discussing  the  same  matter  with  an  engineer 
m  America  a  few  years  ago,  who  had  done  a  lot  of  experimenting  with 
f  am  on  circuits  of  2o/xx>  volts  and  over,  and  he  told  me  his  experience 
Vou  41*  6 
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Mr.  had  been  the  same — that  in  cases  where  a  short  circuit  was  caused  by, 

ADdrewt.  ^^^  ^  ^.^^  going  to  earth,  a  direct  short  circuit,  that  is  to  say,  the  fuse 
would  blow  perfectly,  whereas  if  the  fuse  was  blown  by  a  slight  over- 
load current  then  it  very  often  blew  all  to  pieces  and  failed  to  interrupt 
the  arc — that  is  to  say,  the  effect  is  very  much  the  same  as  the  authors 
have  noticed  with  open-type  fuses. 
Mr.  Russeu.  Mr.  A.  RussELL  :  At  the  beginning  of  their  paper  the  authors  mention 
several  of  the  factors  which  have  to  be  considered  when  judging  the 
relative  merits  of  different  metals  for  fuses,  but  I  think  that  they  have 
made  one  or  two  omissions.  It  is  well  known,  for  instance,  that  the 
metal  in  the  interior  of  an  aluminium  fuse  is  melted  before  the  fuse 
ruptures.  The  latent  heat  of  melted  aluminium  is  about  77,  and  the 
specific  heat  is  about  0*3.  Remembering  that  the  melting-point  of 
aluminium  is  657,  it  will  be  seen  that  about  30  per  cent,  of  the  heat  in 
the  fuse  at  the  moment  of  rupture  is  due  to  the  latent  heat  of  fusion, 
and  this  cannot  be  neglected  when  making  relative  comparisons 
between  fuses  of  different  metals.  Similarly  the  latent  heats  of 
vaporisation  (if  known)  ought  also  to  be  given.  I  suppose  that  the 
numbers  given  in  Table  I.  as  the  relative  masses  of  the  various  metal 
fuses  were  got  experimentally,  the  same  length  of  fuse  being  used  in  all 
cases.  It  is  probable,  however,  that  the  most  suitable  length  of  fuse 
varies  with  the  metal  of  which  it  is  made.  The  photographs  of  fuses 
blowing  are  very  interesting.  I  was  particularly  struck  with  the 
photograph  Fig.  3A,  where  the  globules  of  molten  metal  are  seen  being 
projected  with  great  velocity.  I  consider  that  in  many  cases  when  a 
fuse  blows  on  a  dead  short  circuit  it  literally  explodes  in  the  same  way 
as  a  tube  does  when  the  pressure  inside  gets  too  high.  I  cannot  think 
of  any  other  reason  why  the  globules  of  molten  metal  are  sometimes 
projected  to  such  distances.  The  axis  of  a  fuse  is  always  at  a  higher 
temperature  than  its  circumference  which  is  in  contact  with  the  air. 
This  is  partly  due  to  the  fact  that  the  outside,  as  the  authors  state, 
oxidises  and  the  oxidised  metal  is  a  worse  conductor  than  the  pure 
metal  in  the  interior,  and  thus  the  interior  heats  up  more  rapidly. 
Even,  however,  if  the  conductivity  of  the  fuse  were  uniform  there 
would  be  a  difference  of  temperature  between  the  axis  and  circum- 
ference of  the  fuse  owing  to  the  radiation  of  heat  from  the  surface. 
•  This  difference  of  temperattu-e  varies  as  the  square  of  the  current 
density  and  the  electric  resistivity,  and  inversely  as  the  thermal 
conductivity.  With  a  trolley  wire  at  ordinary'  current  densities  it 
would  only  be  of  the  order  of  the  thousandth  part  of  a  degree 
centigrade,  but  in  fuses  with  enormous  current  densities  it  can 
easily  be  high.  It  may  be  objected  that  this  explanation  neglects 
the  Kelvin  effect — namely,  that  when  the  current  is  altering  with  great 
rapidity  it  is  practically  confined  to  a  thin  skin  on  the  surface  of  the 
fuse.  The  authors'  oscillograms,  however,  show  the  rate  at  which  the 
current  alters,  and  it  is  not  difficult  to  show  that  at  this  rate  the  Kelvin 
effect  is  negligibly  small.  The  metal  in  the  interior  of  the  fuse,  there- 
fore, volatilises  first,  often  causing  an  explosion  like  a  pistol  shot,  and 
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*  scattering  molten  globules  to  distances  of  five  or  six  yards. 
The  authors  call  attention  to  the  fact  that  the  fuses  in  Fig.  3  are  out  of 
tbe  verticaL  They  have  probably  expanded  owing  to  their  high  tem- 
peratve,  and  the  electro-magnetic  forces  pulling  them  outwards  so  as 
to  make  the  circuit  bigger  are  very  appreciable  owing  to  the  large 
carrent  flowing.  I  was  puzzled  for  some  time  to  see  why  a  longi- 
todiaa]  field  should  have  such  a  large  effect  in  accelerating  the  rupture 
oi  a  fuse.  I  think  this  is  due  to  the  fact  that  the  fuse  is  not  straight  at 
tke  tnstaat  at  melting,  and  so  this  field  produces  a  powerful  torque  which 
helpa  to  rupture  the  fuse.  I  wish  the  authors  had  given  us  a  fuller  ex- 
phittHon  oif  the  curious  double  peak  they  have  discovered  in  the  potential 
difcreoce  wave  t)etween  the  terminals  of  a  copper  fuse  during  rupture. 
There  is  obviously  some  physical  discontinuity  in  the  phenomenon 
«liich  catiscs  this,  but  it  is  not  obvious  whether  it  is  merely  mechanical 
or  whether  it  is  a  change  from  the  spark  to  the  arc  type  of  discharge 
tad  back  again.  It  would  be  of  interest  if  the  authors  discussed  this  a 
ittle  more  folly.  The  statement  that  "the  temperature  rise  of  the 
jacket  IS  a  function  of  the  diameter  of  the  cartridge  employed  **  is  not 
qoite  rigorous.  The  difficulty  heat  has  in  getting  through  a  tube  is  a 
taoctioa  of  the  ratio  of  the  outside  to  the  inside  diameter  of  the  tube, 
Jod  hence  the  resbtance  to  the  passage  of  heat  can  vary,  although  the 
octaide  diameter  remain  constant.  A  careless  reader  might  infer  from 
Fig.  a6  that  a  Trent  sand  filling  was  the  best.  This  is  not  neces- 
unJy  the  case,  the  heat  generated  has  to  be  got  rid  of  somehow,  and  if 
It  caonot  be  conducted  through  the  cartridge,  it  will  be  conducted  to 
the  ends  which  may  heat  excessively.  In  the  last  column  of  Table  X.  the 
ntio  A/B  is  called  the  **  rating  of  the  fuse,"  but  a  little  lower  down  the 
'*faliog  of  the  fuse  *'  and  the  normal  fusing  current  are  taken  to  be  the 
Mate.  It  seems  to  me  that  it  would  be  better  to  call  the  ratio  of  A  to  B 
the  normal  factor  of  safety  of  the  wiring.  We  might  call  half  of  this 
the  emergency  factor  of  safety.  Multipl3ring  the  emergency  factor  of 
mictj  by  the  I.E.E.  permissible  load  in  amperes  we  would  get  the 
Mwiml  hmng  current  which  would  also  equal  half  the  current 
reqatred  to  raise  the  wires  to  the  I.E.E.  maximum  safe  temperature  of 

Mr.  W.  H.  Patch KLL  :  If  I  remember  right,  Mr.  Mordey's  was  one 
otf  the  first  enclosed  tube  fuses  invented.  The  authors  appear  to  have 
fonod  out  tliat  zinc  and  aluminium  are  both  bad  for  fuses  because 
they  oxidise.  Years  ago  we  had  to  give  up  lead  for  that  reason, 
hrraiwe  when  it  was  put  into  damp  cellars  a  skin  formed  on  it  just  like 
a  ciddi»-«orm*s  case,  with  quite  hard  scale  on  the  outside,  so  that 
there  was  bomd-fide  molten  metal  inside  which  would  carry  the  current 
loog  after  the  fuse  should  have  gone.  I  had  to  go  into  the  question 
of  fates  some  years  ago,  more  particularly  for  street  work.  Some 
people  have  tried  to  fuse  the  ends  of  their  feeders,  but  I  never  like 
to  do  that  t>ecause  the  current  to  be  handled  is  too  great.  For 
fuses  we  never  had  any  trooble.  The  only  consideration  is  to 
la  a  fose  that  will  not  melt,  but  will  protect  the  meter.    If  it  is 
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Mr.  the  consumer's  fuse  melts  then  one  is  happy ;  he  does   not   send 

in  the  middle  of  the  night  to  renew  his  fuse.  But  in  street  work, 
as  the  district  got  bigger  and  bigger,  it  became  important  if  we  had  an 
accident  on  the  mains,  and  for  the  sake  of  all  the  other  people 
who  happened  to  be  working  near  the  mains,  to  limit  the  extent 
of  the  damage.  We  then  tried  to  find  fuses  which  we  could  put  in 
at  certain  places  in  the  net- work  where  the  sub-areas  joined,  where 
we  only  had  to  carry  what  one  may  call  the  balancing  current  between 
those  different  areas.  The  main  consideration  then  was  a  fuse  which 
would  not  cause  a  gas  explosion  in  the  street  box,  because  in  addition 
to  other  people  working  in  the  streets  we  had  the  gas  companies. 
We  tried  various  forms  of  "  no-arc "  fuse,  enclosed  fuses,  etc.  We 
started  with  those  first  mentioned  by  the  authors,  which  we  enclosed 
in  cylinders  of  red  vulcanite.  Those  were  not  very  satisfactory  on 
account  of  damp.  Then  we  tried  metal  casings,  and  we  finally  got  to 
a  form  made  of  steam-barrel,  in  which  we  found  we  were  working 
alongside,  if  not  actually  infringing,  Peard's  patent,  and  I  think  they 
were  handed  over  to  his  licensee,  who  made  them  for  us  eventually. 
We  sent  round  to  all  the  different  makers  of  what  they  called  "  silent  " 
fuses  and  gasproof  fuses  for  samples  of  their  manufacture,  which  we 
tested.  One  day  I  remember  we  were  having  a  Board  meeting ; 
I  was  in  the  Board-room,  which  overlooked  a  sub-station,  with  the 
directors  when  ithere  was  a  tremendous  explosion.  One  of  the 
directors  said  to  me,  "  Is  that  a  boiler  ? "  I  felt  quite  happy  on  that 
score,  because  I  was  able  to  say  "  No,  we  have  no  boilers  here ;  it  is 
only  a  sub-station."  I  telephoned  down,  and  I  found  it  was  due  to  the 
fact  that  my  superintendent  was  testing  a  "  silent "  fuse  !  We  also 
tried  various  methods  of  filling  the  tubes.  We  did  not  try  Trent  sand 
or  Calais  sand.  The  authors  might  tell  us  what  is  the  difference 
between  those  two  sands.  They  only  mention  the  difference  in  size, 
but  they  might  tell  us  whether  one  is  a  silica  sand  and  the  other  has 
more  alumina  in  it,  or  what  is  the  difference.  We  tried  marble  dust, 
and  then,  because  we  could  get  it  more  readily,  plaster  of  Paris,  and 
I  did  not  find  any  better  material  than  that.  It  did  not  seem  to  make 
much  difference  whether  it  was  poured  in  wet  or  dry,  it  would  get 
solid.  The  authors  have  referred  to  the  question  of  the  power  behind 
the  fuse.  I  have  heard  experimenters  say  that  it  makes  no  difference. 
That  is  not  my  opinion  based  on  experience.  We  have  tried  fuses  on 
loo  volts,  which  acted  quite  well,  and  the  arc  did  not  carry  over.  We 
have  tried  those  same  fuses  on  200  volts  and  400  volts,  and  they  have 
been  an  absolute  failure.  Finally,  I  would  not  pass  a  fuse  at  all  for 
200  volts  if  it  would  not  act  when  ithe  switch  was  closed  dead  on 
without  any  resistance  at  all  with  a  400-volt  battery,  which  would  give 
1,000  amperes  for  four  hours  on  discharge.  We  thought  if  the  fuse 
stood  that  we  could  safely  trust  it  for  200  volts.  I  should  like  to  see 
the  theory  backed  up  a  little  more  by  those  who  are  of  the  opinion 
that  the  power  behind  the  fuse  does  not  affect  the  fuse.  One  difficulty 
that  we  have  in  connection  with  fuses  is  that  the  blocks  are  made  to 
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tike  varioas  sued  fuses.  The  cooling  effect  then  is  very  serious  and  iir. 
quite  upsets  the  fusing  points.  A  block  should  be  made  to  carry  only  P**«**«"' 
Its  proper  fuse.  As  to  the  question  of  the  rating  of  the  fuse,  we  have 
ftfl  sorts  of  rating.  Sometimes  a  foreman  is  told  to  put  in  loo-ampere 
tvsci,  aod  he  puts  in  fuses  which  would  blow  at  lOO.  Again,  another 
foreman  is  told  to  put  in  loo-ampere  fuses,  and  he  puts  in  fuses  which 
w31  carry  loo  and  will  blow  at  200.  I  wish  we  could  get  more 
ikfiastc  ntling  as  to  how  a  fuse  should  be  rated.  I  think  it  is  an  open 
secret  that  part  of  Professor  Schwartz's  experiments  have  been 
carried  oat  at  the  instigation  of  the  British  Standards  Committee  who 
hare  this  matter  in  hand,  and  it  is  a  pleasure  to  be  able  to  get  a  little 
ihead  o4  the  Standards  Committee  themselves,  and  thank  Professor 
Sdiwartz  for  giving  us  an  opportunity  of  discussing  the  matter  here  in 
politic.  For  heavy  currents  one  has  practically  given  up  fuses  entirely 
tnd  taken  to  automatic  switches,  which  are  the  only  practical  means 
of  handling  heav>'  currents,  not  t>ecause  with  fuses  the  circuit  cannot 
be  opened,  tnit  on  account  of  the  time  taken  and  the  difficulty  which 
>  caused  in  replacing  the  fuses.  It  is  so  much  easier  to  put  the 
ntomatic  in  again,  and  also  if  one  happens  to  put  it  in  again  on  a 
~  short  "  it  will  not  hold  in,  but  will  fly  out.  I  have  often  seen  a  fuse 
tor  low  tension  with  a  shunt  fuse  in  parallel  which  was  supposed  to  go 
a4.  Personally  I  have  never  tried  it.  For  high-tension  work  when 
we  started  with  10,000  volts  we  started  with  two  fuses  in  parallel. 
The  main  fuse  in  a  tube  alx>ut  1  in.  diameter,  with  the  terminals  about 
u  in.  apart,  and  the  tut>e  open  at  each  end.  Alongside  it  there  was  a 
^oiall  tube  about  k  in.  diameter,  and  a  small  fuse  threaded  in  it.  The 
Sg  fuse  went  fir>t,  and  the  little  fuse  was  supposed  to  go  last,  but  we 
Cnc  those  up  due  to  the  surge  caused  by  the  arc  when  the  fuse  acted. 
We  then  tried  oil  fuses.  For  1,000  volts  continuous  current  I  had  for 
icrtral  years  been  using  the  Ferranti  fuse,  but  it  was  impossible  to 
dbbrate  it  due  to  the  cooling  effect  of  the  oil.  We  used  an  elaborate 
trpe  of  oil  fuse  which  I  illustrated  in  my  paper  on  the  Bow  Works. 
Thofe  who  are  interested  in  oil  fuses  can  turn  to  that  paper  (Vol.  36, 
r  i|6\  The  fuse,  although  it  was  called  an  oil  fuse,  was  just  above 
the  Mirfacc  of  the  oil  as  regards  the  actual  fusible  portion,  in  a  little 
laverted  cup.  As  soon  as  the  fuse  acted,«it  was  drawn  down  into  the 
•il  before  there  was  any  time  for  a  surge  to  take  place.  It  had  the 
vhrantaf^  that  the  fusible  portion  was  in  air,  and  that  it  could  l>e 
cAhtiratcd  without  the  interference  of  the  cooling  effect  caused  by  the 
mL  We  al!*o  tried  "  sparklet "  fuses,  but  for  heavy  currents  I  did  not 
fancy  them  at  all.  We  did  not  get  good  results  with  them.  I  should 
hketomakc  a  suggestion  with  regard  to  Table  X.'  In  that  table  the 
latbors  have  given  us  the  diameter  of  the  wire  in  inches:  we  are 
•0  used  to  thinking  of  the  current-carrying  capacity  of  a  wire  by  its 
irea,  that  if  they  ^x>uld  not  mind  giving  us  the  areas  of  wires,  it  would 
brlp  OS  in  our  comparisons.  Wc  should  then  get  right  off  what  the  cur- 
rent wociid  be  which  wc  expect  the  wire  to  carry.  Therefore  I  ask  them 
tf  tber  woold  not  mind  giving  us  another  column  showing  the  areas. 
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Mr.  C.  C.  Paterson  :  In  1892  Mr.  Russell  and  myself  published  in  the 
journal  of  this  Institution  *  the  results  of  some  tests  which  we  made 
with  the  object  of  endeavouring  to  find  a  basis  for  the  rating  of 
switches,  but  we  proceeded  on  a  method  which  was  a  little  different 
from  that  of  the  authors.  We  measured  the  actual  lengths  of  the  sparks 
which  resulted  when  circuits  of  different  currents  and  voltages  were 
broken — it  was  a  question  of  damaged  contacts  and  the  distance  which 
must  be  allowed  before  damage  to  contacts  ensued— and  we  found  that 
when  the  switch  was  sharply  brought  beyond  the  critical  length  of 
spark  which  corresponded  to  a  given  current,  practically  no  damage 
ensued  to  the  contacts.  If,  on  the  other  hand,  the  switch  was  stopped 
before  this  length  of  spark  was  passed,  there  resulted  a  flare  which  might 
be  said  to  cause  damage  to  the  contacts.  We  did  not,  of  course,  work 
with  such  large  currents  as  the  authors  have  used  in  their  short-circuit 
tests,  but  where  they  used  the  smaller  currents  we  are  able  to  compare 
the  results ;  and,  on  the  whole,  the  distance,  which  we  called  the  safe 
sparking  distance,  comes  out  something  over  50  per  cent,  greater  than 
they  give  as  their  minimum  no-arc  length.  That  is  quite  capable  of 
explanation,  because  in  a  fuse  it  does  not  matter  if  the  contacts  do  get 
a  little  bit  damaged,  whereas  in  a  switch,  on  account  of  continual 
making  and  breaking,  one  wants  to  avoid  all  damage.  I  should  like  to 
ask  the  authors  whether  it  is  really  an  easy  method  to  gauge  this  no-arc 
distance,  and  whether  the  judging  of  the  amount  of  damage  to  the  con- 
tacts does  not  allow  a  very  large  margin  of  uncertainty.  I  ask  this 
chiefly  because  of  the  curious  results  which  they  get  in  Table  III., 
which  have  already  been  commented  on.  Would  the  authors  suggest 
on  the  basis  of  this  table  that  for  severer  short  circuits  the  shorter 
length  of  distance  should  be  allowed  ?  The  fact  of  these  curious  dis- 
crepancies occurring  in  this  table,  due  to  whatever  cause,  seems  to 
show  that  perhaps  some  other  basis  ought  to  be  adopted  for  gauging 
the  several  distances  it  which  the  terminals  are  to  be  apart.  I  venture 
to  suggest  that  for  the  scope  of  work  which  they  have  covered  in  the 
paper  (which  only  deals  with  comparatively  small  short  circuits  for 
house  work)  to  take  the  proi>ortion  of  the  spark  distance  which  is  caused 
by  breaking  various  currents  at  different  pressures,  will  possibly  give 
more  consistent  results  than  are  obtained  by  attempting  to  judge  the 
distances  at  which  the  contacts  do  not  become  damaged.  I  only  throw 
this  out  as  a  suggestion,  because  I  have  not  worked  in  the  way  the 
authors  have  in  their  particular  method,  but  one  would  be  rather 
interested  to  hear  their  views  on  the  point. 

Mr.  W.  M.  MoRDEY :  It  is  true,  as  Mr.  Patchell  said,  that  I  have  had 
something  to  do  with  the  introduction  of  enclosed  fuses.  Over  eighteen 
years  ago  I  was  working  at  the  subject,  and  I  have  almost  forgotten  the 
experiments  that  were  then  made  ;  but  I  think  the  preference  the 
authors  express  for  copper  is  one  that  has  been  held  for  many  years. 

*  journal.  Institution  of  Electrical  Engineers,  1902,  Part  157,  vol.31,  "Sparking 
in  Switches,"  by  Alex,  Russell,  M.A.,  and  Clifford  Paterson.  (Original  communi- 
cation.) 
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It  has  kmg  been  recognised  that  copper  or  silver  are  the  best  metals  Mr. 
lor  fnses^  What  was  wanted  was  a  metal  that  gave  a  lean  vapour — as  *****^- 
littJe  matter  in  it  as  possible.  But  for  very  small  currents  it  was  not 
practicable  to  get  copper  wire  thin  enough,  and  for  that  reason  metals 
or  aOoTs  of  higher  specific  resistance  were  used.  The  efiFect  that  Mr. 
Patciiell  has  very  aptly  described  as  the  formation  of  caddis-worms, 
and  which  the  authors  have  referred  to  as  the  formation  of  tubes,  some 
examples  of  which  are  given  in  the  paper,  is  an  effect  I  came  across  in 
expenmenting  with  the  filling  for  enclosed  fuses.  I  tried  many  sub- 
staoces.  I  avoided  all  forms  of  sand,  glass-powder,  and  everything 
that  was  at  all  likely  to  form,  when  fused,  a  conducting  liquid.  I  tried 
■arfale  dnst,  and  often  used  it,  iHit  finally  I  settled  down  on  a  very  un- 
scienttfic  material,  but  one  that  I  found  to  t)e  the  best — flue  dust,  the 
dast  scraped  out  of  boiler  flues.  It  is  a  highly  infusible  material,  and  I 
foond  it  answered  well— t)etter  than  anything  else.  When  copper 
*  wires  were  fused  in  an  envelope  of  flue  dust  not  too  tightly  nunmed, 
ooe  could  hardly  ever  find,  on  emptying  the  flue  dust  out,  any  trace  of 
the  copper ;  it  had  been  vaporised  and  apparently  condensed  all  through 
the  mass  of  the  flue  dust.  Reference  has  also  been  made  to  the  more 
readily  ozidisable  metals  having  oxi^e  tubes  formed  which,  the  authors 
ny»  coodoct  as  Ncmst  lamps.  I  certainly  thought  in  these  cases  it  was 
the  molten  metal  inside  that  conducted.  One  can  take  a  straight  wire 
ol  aluminium,  for  example,  and  make  it  form  quite  a  long  U  when 
heated  carefully  with  such  a  current  tiiat  it  will  not  blow.  The  molten 
metaU  protected  by  a  skin  of  oxide,  will  draw  out  by  its  own  weight. 
Wkh  regard  to  shunted  fuses,  one  does  not  like  to  get  up  and  say 
*  I  did  ttf"  but  I  may  say  that  in  the  patent  I  took  out  a  good  many 
tears  a^  for  enclosed  fuses,  I  described  a  shunted  fuse,  and  I  often 
ttwd  them,  putting  a  little  resistance  in  with  the  fine  fuse  so  as  to  make 
tare  that  it  went  appreciably  later  than  the  big  one.  They  seemed  to 
work  all  right  With  regard  to  the  question  of  rating,  I  was  hoping  to 
hear  something  about  the  e£Fect  of  time.  My  experience  is  that  it  is 
very  difiicnlt  to  rate  fuses.  They  may  be  rated,  and  they  will  keep 
their  rating  fairly  well  for  a  time,  but  the  life  of  a  fuse  is  not  a  happy 
ooe  often  it  is  nearly  melted,  and  it  goes  through  various  changes  ; 
it  is  ooddised,  expanded,  contracted,  and  so  on.  Under  such  conditions 
aU  metals  change,  and  I  think  that  will  always  cause  difficulties  in 
getting  fuses  to  stand  up  to  their  rating  for  any  length  of  time.  One 
point  which  may  be  of  some  interest  now :  I  sometimes  found  that 
copper  wires,  when  examined  under  a  magnifying  glass,  showed  after  a 
long  period  of  use  a  multitude  of  little  transverse  cracks,  cracks  that 
•ooaetimes  seemed  to  go  right  down  into  the  metal.  I  was  reminded 
at  the  time  of  the  fact  that  Edison,  when  he  was  working  on  platinum 
brnps  in  the  very  early  days,  had  to  give  them  up  because  he  found 
that  the  life  was  so  short,  and  he  attributed  this  to  the  gradual  growth 
of  minute  transverse  cracks  in  the  metal  itself.  With  regard  to  the 
amngement  ol  the  conductors  to  help  the  blow-out  of  the  fuse,  I 
tvppose  we  have  all  invented  that  arrangement  at  one  time  or  another. 
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There  is  quite  a  long  list  of  patents  for  that,  so  that  the  field  set  up 
would  help  to  elongate  and  break  the  arc.  It  is  a  practical  arrange- 
ment which,  I  think,  is  quite  worth  while  putting  into  a  simple  form 
for  house  fuses,  especially  now  that  we  have  rather  higher  voltages. 

Mr.  H.  M.  Sayers  ;  I  have  made  pretty  extensive  use  of  copper 
wire  for  street  main  fuses  on  secondary  networks.  Where  it  was 
desirable  to  isolate  transformers,  if  anything  happened  to  the  trans- 
former  or  to  a  particular  section  of  main,  I  found  copper  the  most 
useful  and  trustworthy  material,  always  provided  that  it  was  changed 
sufficiently  often.  "Sufficiently  often"  I  found  meant  twice  a  year, 
not  at  six  month  intervals,  but  about  the  end  of  August  and  about  the 
end  of  January,  so  that  the  time  of  heavy  load  was  fairly  divided. 
Under  those  conditions  copper  could  be  relied  upon  to  blow  at  a  very 
definite  rate. 

A  word  of  warning  is  desirable  against  the  use  of  tinned  copper 
wire.  Such  wire  is  irregular  in  its  fusing  current,  consecutive  lengths 
off  the  same  coil  giving  wide  variations.  The  effect  is  most  marked 
with  small  wires,  but  is  serious  up  to  at  least  No.  14  S.W.G.,  and  is  no 
doubt  due  to  different  depths  of  penetration  by  the  tin. 

Mr.  C.  H.  WORDINGHAM  :  Th^re  are  a  few  remarks  I  should  like 
to  make,  more  especially  with  regard  to  the  work  of  the  Standards 
Committee,  because  this  subject  has  been  taken  up  by  the  Sub- 
Committee  of  which  I  have  the  honour  to  be  chairman.  The  thing 
which  struck  us  most  when  we  began  to  discuss  the  question  of  fuses 
was  the  extreme  difficulty  of  the  various  problems  connected  with 
anything  in  the  nature  of  standardisation.  To  begin  with,  it  was  difficult 
to  classify  fuses.  We  thought  at  first  of  having  open  fuses,  protected  fuses, 
and  enclosed  fuses,  but  we  found  that  an  open  fuse  became  a  protected 
fuse  if  put  into  a  box ;  and  we  have  not  settled  how  to  classify  them 
yet.  With  regard  to  the  question  of  rating  and  so  forth,  it  is  wonderful 
how  little  is  known  at  the  present  time  with  regard  to  fuses,  in  spite  of 
the  great  amount  of  work  that  has  been  done  upon  them;  and  we 
arrived  at  the  conclusion  that  a  great  deal  of  experimental  work  must 
be  carried  out  before  we  could  attempt  to  standardise  these  very 
important  articles.  We  have  laid  down  a  common  basis  for  the 
tests,  and  taken  steps  to  secure  that  the  experiments  shall  be  carried 
out  on  uniform  lines;  so  that  we  hope  when  we  do  standardise 
fuses  our  suggested  regulations  will  be  founded  on  experimental  data 
of  considerable  value.  I  would  like  to  remark  on  a  few  more  points 
that  have  been  raised  this  evening.  I  cannot  help  thinking  that  those 
of  us  who  think  that  the  amount  of  power  behind  the  fuse  has  some* 
thing  to  do  with  the  matter,  and  those  who  think  it  has  little  to  do  with 
the  matter  are  really  talking  about  two  different  things.  It  will  be  noticed 
that  the  authors'  experiments  all  relate  to  a  wire  between  two  contacts 
which  are  fixed  at  what  they  call  the  "  no-arc  "  distance.  I  agree  that 
experiments  on  those  lines  are  necessary  as  the  foundation  of  any 
standard  conditions  for  fuses,  but  the  container  in  which  these  fuses  are 
carried  has  also  a  very  great  deal  to  do  with  their  action  in  practice,    A 
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fCood  many  jcars  ago  now,  when  22o-volt  lamps  were  first  introduced,  I  Mr.  Word. 
nude  a  number  of  experiments  on  the  then  existing  loo-volt  house  °'^^'"* 
fittings  (I  am  speaking  of  quite  small  fuses)  to  see  how  they  would 
Oaod  at  the  higher  pressure,  and  I  found  that  the  amount  of  power 
behind  the  short  circuit  made  an  enormous  difference.  At  that  time  I 
introdoced  a  system  of  registering  fittings.  I  thought  that  if  I  tested 
the  fuse  with  50,  40,  or  50  times  the  normal  fusing  current  I  was  suffi- 
dentJy  well  imitating  a  short  circuit,  and  I  registered  a  number  of  fuses 

00  those  lines.  Later  on  I  thought  it  well  to  repeat  the  experiments, 
and  I  then  tried  the  same  fuses  by  short-circuiting  them  dead  across  a 
lirge  battery,  and  in  a  great  many  cases  I  found  those  fuses  which  had 
poKacd  the  first  test  failed  altogether  on  the  second.  I  have  no  doubt 
that  if  the  fuse  wires  had  been  supported  between  two  open  terminals 
as  in  the  authors'  experiments  there  would  have  been  no  difference 
betwceu  the  two  tests,  because  I  think  their  oscillograph  tests  show  con- 
chtstvely  that  after  a  certain  amount  of  power  an  excess  will  make  no 
difference ;  but  the  explosive  action,  as  it  were,  of  the  fuse  by  the 
ndden  development  of  the  heat  does  vary  very  greatly  in  my  experi- 
ence with  the  amount  'of  power  behind.      With  regard  to  fillings, 

1  recently  made  some  experiments  to  ascertain  the  amount  of 
caking  that  might  be  expected  in  damp  situations.  I  had  a  large 
anmber  of  fuses  made  up  with  different  materials,  such  as  fine  and 
coarse  emery,  fine  and  coarse  steatite,  different  sands,  chalk,  limestone, 
and  a  great  many  other  substances.  I  sent  them  to  sea  for  three 
months  ;  and  on  opening  them  I  found  that  in  no  case  was  there  any 
caking,  so  that  I  do  not  think  one  need  fear  caking  so  much  as  one 
thought 

Mr.  J.  J.  Fasola  :  With  the  data  l>efore  us  there  should  not  be  Mr.  Fatoia. 
any  difl^colty  in  selecting  suitable  materials  and  no-arc  lengths  for 
\om  pressures,  and  I  am  sure  we  should  be  very  grateful  if  the 
airthors  conld  give  us  similar  information  with  regard  to  high-tension 
fuses.  For  fuses  of  the  order  of  5.000  to  10,000  volts,  for  instance, 
the  conditions  seem  to  be  quite  different,  and  I  think  there  is  a  general 
tendency  to  resort  to  the  aid  of  oil.  I  have  seen  some  very  large 
porcelain  cartridge-type  oil  fuses  on  the  Continent,  some  of  them 
quite  a  foot  in  diameter.  Notwithstanding  their  large  size  they  were 
not  a  complete  success,  and  of  course  they  are  very  difficult  to  handle. 
If  the  fuse  were  entirely  in  air  and  arranged  so  that  the  lower  con- 
tact woold  be  drawn  under  oil  at  the  moment  of  disruption,  the 
foang  current  could  be  predetermined  fairly  accurately,  but  the 
nctal  vapour  very  often  causes  sparking  across  to  exposed  metal  in 
the  neighbourhood.  If,  on  the  other  hand,  the  fuse  is  completely 
tnaersed,  it  is  conceival>le  that  it  would  be  necessary  for  a  film  of  oil 
rmpoar  to  form  round  the  silver  wire  before  it  could  blow,  and  as  the 
conditions  of  vapour  formation,  circulation  of  the  oil,  and  thermal  con- 
ductivity are  never  the  same  twice  running,  it  is  impossible  to  rely 
00  the  fuse  to  blow  at  predetermined  overloads. 

When  the  fuse  was  partially  immersed  matters  were  still  worse, 
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because  the  fusing-point  depended  upon  the  level  of  the  oil.  The  best 
solution  of  the  problem  I  am  acquainted  with  is  the  cut-out  mentioned 
by  Mr.  Patchell,*  which  I  think  possesses  rather  important  points  of 
interest.  The  fuse  wire  is  contained  in  a  strong  insulated  inverted 
metal  cap  closed  at  the  top  and  opening  into  the  oil  at  the  bottom, 
and  thus  it  blows  entirely  in  air,  and  can  be  calibrated  with  accuracy. 
At  the  same  time  the  explosive  forces  act  vertically  downwards  instead 
of  laterally  on  the  glass,  thus  allowing  a  tube  of  moderate  dimensions 
to  be  used,  and  all  the  hot  gases  are  blown  down  into  the  oil  and  do 
not  come  into  contact  with  metal  parts  outside  the  fuse.  A  spring 
attached  to  the  lower  terminal  draws  the  latter  under  oil  directly 
the  fuse  goes,  so  that  the  oil  separating  the  terminals,  aided  perhaps 
by  the  high  pressure  in  the  fuse  chamber,  exclude  any  possibility  of 
prolonged  arcing,  notwithstanding  the  high  pressure  across  the 
terminals. 

Experiments  have  been  carried  out  whereby  two  generator  units  of 
i,ooo  k.w.and  10,000 volts  were  short-circuited  upon  each  other  through 
Lahmeyer  fuses,  and  all  that  could  be  observed  was  a  slight  puff  of  oil 
vapour  about  a  couple  of  inches  high,  and  it  was  then  experimentally 
determined  by  placing  a  conductor  of  opposite  polarity  about  2  in. 
from  the  top  terminal  that  no  metal  vapours  were  expelled  from  the 
fuse.  If  there  had  been  an  arc  would  certainly  have  been  set  up 
across  the  gap,  but  although  the  experiment  was  repeatedly  made  this 
did  not  happen. 

Data  regarding  well-designed  high-tension  fuses  of  moderate 
dimensions  would  be  very  welcome,  owing  to  the  considerable  ex- 
pense of  installing  overload  circuit  breakers  where  interruptions  are 
of  infrequent  occurrence. 

Mr.  John  H.  M.  Wakefield  {communicaied) :  I  recognise  that  the 
paper  does  not  deal  with  fuses  of  so  low  a  nominal  fusing  current  as 
3  amperes,  but  as  a  considerable  number  of  these  are  used  by  the 
Post  Office  for  protecting  telegraph  and  telephone  wires  against  lighting 
and  power  circuits,  it  may  not  be  considered  out  of  place  to  put  on 
record  that  all  such  fuses  outside  a  building  are  made  of  soft  drawn 
platinum  wire,  5  mils  in  diameter,  connected  to  copper  caps  and 
enclosed  in  a  glass  tube  0*3  in.  diameter  and  2  in.  long.  Platinoid 
wire  was  used  in  the  first  instance,  but  weather  effects  soon  showed 
that  disconnections  in  the  fuses  were  very  frequent,  especially  after  a 
frost.  The  effect  of  contraction  and  expansion,  as  mentioned  by 
Mr.  Mordey,  no  doubt  applies  to  a  case  of  this  kind.  Platinum  wire 
was  therefore  substituted,  and  up  to  the  present  has  been  found  to 
meet  requirements  satisfactorily. 

Mr.  E.  B.  Schattner  {communicated) :  I  should  like  to  make  some 
comments  on  various  matters  mentioned  in  the  paper.  In  the  first 
place,  it  has  been  my  experience,  gained  under  the  severest  working 
and  short-circuit  conditions,  that  fibre  is  the  only  material  which  will 

•  An  illustration  of  this  appliance  is  given  in  Mr.  Patchell's  paper  on  the  Cltarlng 
Cross  Company's  City  of  London  Works,  in  vol.  36,  p.  96  of  the  Journal. 
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satisfactorily  as  a  casing  for  enclosed  fuses.    Neither  glass  ^Jj^^j^^ 
nor  porcelain  have  the  necessary  elasticity  and  strength  to  withstand 
the  shock  of  a  bad  short  circuit.    An  insulated  metal  tube  would,  in 
ny  opinion,  be  a  very  dangerous  thing  to  employ,  and  liable  to  cause 
grxw9  accidents. 

Copper  and  silver  are  undoubtedly  excellent  fuse  metals,  and  excel- 
lent results  have  l>een  obtained  with  zinc.  Aluminium,  however,  is 
dangerous,  as  it  is  liable  to  flux  with  almost  every  filling  and  produce 
a  Nemst  effect,  especially  on  limited  load  short  circuits  such  as  arc 
nostly  obtained. 

The  fluxing  of  the  conductor  and  filling  resulting  in  the  entire 
fining  becoming  a  conductor  of  the  second  class  directly  after  a  short 


Fig.  D. 

drcttit,  is  a  matter  which  has  to  be  carefully  avoided,  and  for  this 
msoa  most,  if  not  every,  kind  of  sand  should  be  avoided  as  a  filling. 
1  have  watched  sand-filled  fuses  re-establish  a  short  circuit  after  atx)ut 
60  seconds. 

Some  mention  is  made  of  shunted  fuses  and  their  possibilities.  The 
proper  effect  of  the  shunt,  however,  is  only  obtained  on  circuits  of 
IMc  power,  and  when  such  fuses  are  tried  on  heavy  power  circuits, 
they  act  very  badly.  The  main  and  shunt  fuses  seem  to  fuse  at  the 
same  instant  when  sufiBcicnt  power  is  behind. 

I  have  come  to  the  conclusion  that  the  essential  requirement  in  a 
(Dod  enclosed  fuse  is  the  immediate  cooling  of  the  arc  and  vapours. 
This  was  amply  proved  by  experiments  made  by  me  at  Niagara  Falls 
and  Schenectady.  The  types  of  fuse  shown  in  Figs.  C  and  D  work  on 
this  principle  and  are  very  efficient.  The  *'  KoolarK  "  ft|se  also  works 
94  the  same  principle, 
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Dr.  Dr.  C.  C.  Garrard  (communicated)  :  The  definition  of  normal  fusing 

Garrard.  current  as  given  by  the  method  of  measurement  enunciated  on  page  74  of 
the  paper  is  no  doubt  perfectly  correct.  The  time-current  curve  tends 
toward  an  asymptote,  and  the  point  where  this  as3rmptote  cuts  the 
current  axis  is  the  normal  fusing  current.  No  current  below  this  value, 
no  matter  how  long  it  be  kept  flowing,  should  blow  the  fuse.  I  was 
under  the  impression  that  the  authors  in  their  previous  paper  on  "  Low 
Tension  Thermal  Cut-outs"*  had  adopted  a  dififerent  definition  of 
"normal  fusing  current,"  and  I  should  be  glad  if  they  would  say 
whether  the  normal  fusing  current  in  all  their  papers  dealing  with 
this  subject  has  always  been  defined  in  exactly  the  same  manner. 

"  Non-arcing  "  Melals, — Some  years  ago  we  heard  a  great  deal  of  the 
discovery  of  the  "  non-arcing  "  metals.  I  have  never  been  very  clear 
as  to  the  distinguishing  features  of  this  "non-arcing"  property.  I 
understand  metals  of  the  cadmium  (or  zinc)  group  entered  into  the 
composition  of  these  metals.  The  oscillograms  given  in  Fig.  8  seem 
to  show  that  these  particular  "non -arcing"  metals  arc  more  than  any 
of  the  others.  I  am  inclined  to  doubt  the  existence  of  any  special 
"  non-arcing"  property. 

Definition  of  Short  Circuit, — The  authors  state  that  under  the  con- 
ditions of  their  tests  it  did  not  make  any  difference,  at  any  rate  within 
the  limits  experimented  upon,  what  power  was  behind  the  tests.  In 
my  own  experience  of  fuse  testing,  the  "  amount  of  power  "  behind  the 
tests  has  always  been  the  most  important  factor  determining  the 
severity  of  the  tests.  My  own  tests,  however,  have  generally  been 
with  fuses  of  large  sizes  (several  hundreds  of  amperes),  and  have  taken 
place  close  up  to  the  terminals  of  the  source  of  supply  of  current.  The 
tests  so  obtained  are  very  much  more  severe  than  the  tests  described 
in  the  paper.  The  most  severe  conditions  seem  to  be  close  up  to  the 
terminals  of  a  large  battery.  By  using  a  large  50o-volt  battery,  and 
shorting  the  same  through  short  lengths  of  thick  cable,  and  the 
fuse,  results  are  obtained  which  are  extremely  severe,  and  necessitate 
great  care  being  taken  to  prevent  damage  to  the  experimenter  or 
surrounding  property. 

Time  Element  of  Fuses, — I  am  mostly  interested  in  this  branch  of 
the  question.  I  do  not  agree  with  the  authors'  definition  of  the  time 
element  of  a  fuse  as  given  on  page  77.  The  object  of  this  definition, 
I  take  it,  is  to  arrive  at  some  time  element  which  could,  for  example, 
be  marked  on  the  fuse.  Now  the  ordinary  user,  seeing  this  time 
marked  on  the  fuse,  will  think  that  this  is  the  time  taken  to  blow 
the  fuse.  He  will  not  realise  that  it  is  the  time  corresponding  to 
some  particular  current,  and  that  if  the  current  be  a  little  different 
from  the  proper  current,  say  45  or  55  per  cent,  overload,  the  time 
element  would  be  altogether  different.  I  have  had  exactly  the  same 
experience  with  inverse  time  element  relays.  Of  course,  the  time 
clement  of  a  fuse  is  also  inversely  proportional  to  the  extent  of  the  over- 
load as  in  the  case  of  such  relays.  It  was  at  first  endeavoured  to  mark 
•  Jouiiml^  Institution  of  El(ctric<il  Engineers,  vol,  35,  p.  364,  1905, 
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lbe»c  relays  with  certain  specified  oombers  of  seconds.  It  was  found  g^^. 
cstretneiy  difficult  to  induce  even  engineers  to  understand  these 
■nrfcings.  The  user  saw,  for  example,  the  relay  marked  5  seconds, 
Mad,  Mmamng  the  apparatus  to  be  a  kind  of  a  clock,  proceeded  to  test 
It  with  a  stop-watch.  Generally  speaking,  no  particular  regard  was 
pud  to  the  current  flowing  through  the  relay,  and  if  the  time  came 
oat  say  4  seconds  on6  seconds,  the  relay  was  said  to  be  out  of  order. 
In  view  of  this  experience,  the  conclusion  I  have  come  to  is  that  the 
mrcrse  time  element  of  any  circuit-breaking  apparatus  should  only  be 
defined  in  terms  of  a  curve.  If  the  full  curve  cannot  be  given,  it  is 
better  not  to  mark  the  time  element  at  all.  To  illustrate  this,  we  will 
take  the  carves  given  in  Fig.  33  of  the  paper.  These  are  two  fuses  of  the 
tame  normal  fusing  current  Defining  the  time  element  in  accordance 
with  the  anthors'  definition,  that  of  the  free  fuse  is  about  4  seconds ; 
that  of  the  enclosed  fuse  about  i  second.  I  think  now  it  would  be 
an  assompCion  legitimately  made  by  99  persons  out  of  100,  that  if  these 
two  f OAcs  were  placed  in  series  with  each  other,  and  the  same  overload 
current  passed  through  them,  the  i-second  time  element  fuse  should 
Uow  t>e£ore  the  4-second  time  element  fuse.  This,  however,  does 
not  follow.  If  the  overload  is  but  small,  just  above  the  normal  fusing 
OBTrent  (say,  15  per  cent),  then  the  4-second  time  element  fuse  blows 
before  the  i -second  ^me  element  fuse.  If,  on  the  other  hand,  the 
orcrk»d  be  very  lai^,  as,  for  example,  several  hundred  per  cent 
above  fall  load,  it  willi  be  a  matter  of  chance  which  one  blows  first,  as 
It  will  be  seen  that  if  the  carves  are  prolonged,  the  time  element  dis- 
^>pcars  altogether  in  both  cases.  I  think  it  will  be  agreed,  therefore, 
that  the  proposed  time  element  marking  of  these  fuses  would  be 
distinctly  misleading,  and  that  the  only  clear  way  in  which  an 
mdicatjon  of  the  results  to  be  expected  can  be  given  is  to  give  the 
compietc  curves.  I  am  strongly  of  opinion  that  it  would  be  dis- 
advantageous to  adept  the  authors'  suggestion  of  a  definition  of  time 
element  (page  77). 

The  matter  of  time  elements  of  fuses  is  also  of  great  importance  in 
cooncction  with  another  subject  I  refer  to  the  fuse-shunted  trip  coils 
which  are  used  very  greatly  at  the  present  day  to  impart  a  time 
dement  to  automatic  alternating-current  circuit  breakers.  Of  course, 
an  ordinary  trip  coil  operates  practically  instantaneously,  and  the  idea 
a»  by  shunting  the  current  through  the  fuse,  that  the  time  taken  by  the 
^ose  to  blow  will  impart  the  necessary  time  element  to  the  apparatus. 
I  have  dealt  with  this  matter  to  some  extent  in  a  paper  now  before 
this  Institution,  but  I  would  Uke  to  say  that  the  results  given  by  the 
anthors  confirm  the  conclusions  I  had  arrived  at  The  main  object  of 
a  tmie  element  circoit  breaker  is  to  attain  the  possibility  of  having  two 
or  more  circuit  breakers  in  series,  so  arranged,  that  with  a  definite  over- 
loKl  through  them  they  will  open  in  a  predetermined  order.  In  my  paper 
rderred  to,  I  am  showing  that  it  is  not  possible  to  attain  this  end  by  simply 
altering  the  uxc  of  the  fuse  wire*  Professor  Schwartx  and  Mr.  James's 
paper  also  shows  that  it  is  quite  impossible  to  arrive  at  this  end  by 
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altering  the  materials  of  the  fuses  or  the  surroundings  of  the  same.  For 
examplb,  consider  Fig.  21,  which  shows  the  variation  of  time  element 
with  fuses  of  the  same  diameter  wire  but  in  different  surroundings. 
From  a  casual  examination  it  would  appear  that  the  time  elements  are 
nicely  graded.  This  is  so  for  small  overloads.  Under  conditions  of 
short  circuit,  however — that  is,  with  currents  at  least  three  or  four  times 
the  normal  fusing  current — it  will  be  seen  that  the  time  elements  all  be- 
come approximately  the  same — that  is,  they  all  become  practically  zero. 
Under  conditions  of  short  circuit,  therefore,  it  is  impossible  to  arrange 
switches  in  series  one  with  another  controlled  by  fuse-shunted  trip 
coils  such  that  a  discriminating  action  between  the  switches  will  be 
attained.  It  will  be  noted,  too,  that  in  the  attempt  to  grade  the  time 
elements  (Fig.  21),  the  normal  fusing  current  has  been  varied  75  per 
cent.,  so  that  the  current  settings  of  the  switches  will  be  greatly 
affected.  If,  on  the  other  hand,  the  normal  fusing  current  be  kept 
constant  by  using  wires  of  various  thicknesses,  then  Fig.  23  shows  the 
HabiKty  of  the  time  curves  to  cross  and  the  time  elements  to  vary  in 
their  gradation.  The  general  conclusion  may  be  drawn,  therefore, 
that  it  is  not  possible  to  time-grade  fuses  of  constant  normal  fusing 
current  so  that  they  will  blow  in  a  predetermined  order  under  all  con- 
ditions. The  order  of  their  blowing  will  depend  on  the  degree  of  the 
overload.  Therefore,  the  attempt  to  time-grade  circuit  breakers  by 
shunting  their  trip  coils  with  fuses  is  likewise  bound  to  be  unsatis- 
factory. One  is  forced  to  the  conclusion  that  some  kind  of  an 
electro-mechanical  controlling  device  must  be  used. 

Dr.  D.  K.  Morris  {communicated)  :  A  valuable  quality  of  fuses  as 
compared  with  magnetic  circuit  breakers  is  that  the  time  element 
of  which  Professor  Schwartz  gives  interesting  data  is  based  on 
heating,  and  is  therefore  just  that  which  is  proper  for  the  pro- 
tection of  circuits  or  windings  of  motors  from  over-heating.  But  as  a 
method  of  breaking  the  circuit  in  a  satisfactory  manner,  it  must  be 
admitted  that  there  is  no  comparison  between  a  fuse  and  a  circuit 
breaker,  and  that  the  latter  with  carbon  break  is  a  much  better  way, 
and  with  large  currents  a  less  expensive  way  of  breaking  a  circuit  than 
is  a  fuse.  What  appears  to  be  required  in  order  to  combine  the 
advantages  of  the  fuse  and  the  circuit  breaker  is  to  construct  a  simple 
type  of  switch  which  will  hold  in  only  in  virtue  of  the  fact  that  a 
portion  of  the  circuit  remains  nearly  cold,  so  that  a  very  moderate 
heating  and  not  extreme  over-heating  and  fusing  shall  open  the 
circuit.  Such  a  circuit  breaker  can  be  made  by  causing  the  current 
to  pass  through  two  parallel  strips  of  hard  metal  secured  to  the  arm  of 
the  circuit  breaker  and  carrying  steel  catch-pieces,  which  are  sprung; 
open  (when  the  circuit  is  closed)  over  an  adjustable  fixed  catch 
placed  between  the  contacts.  If  the  current  then  increases  unduly, 
the  strips,  which  can  not  expand  endways,  are  constrained  to  move 
out  laterally  and  so  release  the  circuit  breaker.  I  have  found  that 
this  type  of  circuit  breaker  works  extremely  well  in  practice,  and  it 
certainly  combines  the  advantages  above  referred  to. 
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The  PRBSIDENT :  I  call  upon  you  now  to  accord  a  hearty  vote  of  The 
to  the  authors  for  their  paper,  and  I  am  sure  they  will  add  to  its  ^  ' 


by  repljring  to  it  as  fully  as  possible  in  a  written  communication. 
Tbc  vote  of  thanks  was  carried  by  acclamation. 
The  meeting  adjourned  at  9.33  p.m. 

Discussion  at  Maxchester,  March  3,  1908. 

Mr.  W.  Cramp  :  I   realise  fully  the  amount  of  work  involved  in   Mr.  cramp. 
obtainiQg  such  curves  as  those  in  Fig.  4  of  the  paper,  for  which  the 
jotfaors  made  more  than  eight  hundred  experiments. 

Many  points  in  the  paper  have  their  special  interest ;  but  as 
rcgirds  Professor  Schwartz's  hope  that  the  work  in  the  paper  is  in 
wch  a  form  as  to  be  useful  to  designers,  I  find  that  it  is  very  difficult  to 
deduce  immediately  from  the  results  the  best  form  for  a  fuse  intended 
for  any  special  purpose.  I  think  this  difficulty  might  be  largely 
removed  by  the  addition  of  a  summary  of  results.  I  should  like  to 
wggest  the  possibility  of  attacking  the  whole  subject  from  a  rather 
more  theoretical  point  of  view,  especially  certain  sections  of  the  present 
paper.  We  know  that  Preece's  original  fuse  formula  was  derived  from 
the  following  equation — 

C-=kJ^D3 

where — 

K  is  a  constant. 
D  is  the  diameter  of  the  wire. 
C  is  the  fusing  current  in  amperes. 
J    is  Joule  s  equivalent  (gramme-calorics). 
T  is  the  elevation  of  the  temperature  of  the  wire  at  fusion. 
P  is  the  specific  resistance  of  the  wire  at  temperature  of  fusion. 
E  is  the  emissivity  in  gramme-calories  per  second  per  degree  at 
temperature  oi  fusion. 

Now  Preece  introduced  inaccuracies  by  assuming  everything 
constant  but  C  and  D  and  by  writing  the  formula — 

C=K'D- 

where  K*  b  a  constant  and  has  a  value  of  at>out  40  when  D  is  in  inches. 

In  1892  Ayrton  and  Kilgour*  found  the  values  of  E  for  platinum 
wvc%  up  to  0*014  diameter,  and  pointed  out  that  taking  E  as  constant 
woold  make  an  error  of  "  hundreds  per  cent"  in  some  cases.  Indeed, 
theff  curve  plotted  on  a  diameter  base  shows  that  E  varies  from  o*ooa 
to  onoo5  or  more  for  wires  of  diameter  var>'ing  from  14  mils  to  3  mils. 

E.  G.  Brown  t  showed  in  1900  that  tin  wires  have  emissivity  values 

•  Phil  Trwu.,  1*3  A,  n.  371.  i8q3. 
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Mr.  Cramp,  almost  similar  to  these  of  platinum,  and  not  incompatible  with  the 
values  well  known  for  steam  pipes.  What  we  want,  then,  now  is  to 
continue  this  line  of  thought  and  obtain  values  of  £  and  K  for  the 
following  variables : — 

1.  Different  metals  exposed  in  air. 

2.  DifiFerent  metals  enclosed. 

Both  to  be  taken  with  terminals  of  large  and  small  mass  and  of  various 
materials. 

It  seems  to  me  that  the  lengths  chosen  should  be  based  upon 
results,  like  those  of  Fig.  4,  which  to  my  mind  is  the  best  set  of  results 
in  the  paper.  Such  a  research  would  give  us  once  and  for  all  a  good 
basis,  scientifically  accurate,  upon  which  designers  could  rely  with  some 
certainty. 

Turning  now  to  some  points  in  the  paper  itself,  I  wish  to  call 
attention  first  to  a  statement  on  page  44  referring  to  Fig.  6  B,  where  a 
photograph  is  shown  containing  lines,  which  the  authors  say  were  due 
to  the  hot  beads  of  tin  thrown  out,  and  from  which  they  conclude  that 
these  beads  were  luminous.  The  evidence  does  not  seem  to  me  con- 
clusive, since  a  hot  globule,  whether  luminous  or  not,  would  probably 
be  sufficiently  active  to  affect  a  sensitised  plate. 

Next  I  should  like  to  ask  for  some  definition  of  the  word  "arc," 
which  occurs  first  on  page  46.  Is  any  distinction  drawn  between  the 
vapour  arc  and  the  oscillating  discharge  ? 

On  page  55  the  authors  say  :  "  In  practice,  inductive  circuits  will  be 
met  with  in  such  and  such  cases."  But  I  venture  to  say  that  for  the 
purposes  of  this  paper  the  circuit  is  always  inductive.  Indeed,  this 
contention  is  amply  justified  by  the  many  excellent  oscillograms,  which 
in  the  very  shape  of  their  curves  amply  testify  to  the  truth  of  my 
contention.  I  must  also  ask  how  the  inductances  mentioned  on  page  55 
were  measured,  for  some  of  them  appear  to  me  to  be  wrong  in 
magnitude. 

Again,  with  reference  to  the  explosive  force  of  a  fuse  mentioned 
occasionally  in  the  paper,  it  would  seem  that,  just  as  Professor  J.  J. 
Thomson  has  shown  how  this  may  be  estimated  for  a  disruptive  dis- 
charge, so  in  the  cases  given  here  the  rise  of  pressure  might  have  been 
estimated,  and  would  probably  have  shown  itself  to  be  of  the  order  of 
600  atmospheres. 

On  page  57  reference  is  made  to  three  curves — (a)  No  magnetic 
field,  (6)  lateral  magnetic  field,  and  (c)  longitudinal  magnetic  field. 
These  terms  seem  to  me  to  be  misleading,  inasmuch  as  with  the  par- 
ticular arrangements  adopted  the  distribution  of  flux  would  be  such  as 
not  properly  to  be  characterised  by  either  term.  In  either  case  part  of 
the  field  would  be  "  lateral,"  part  '*  longitudinal."  The  results,  however, 
attained  with  the  arrangement  shown  in  Fig.  9  are  very  remarkable. 

The  authors  have  not  called  attention  to  a  marked  effect  visible  in 
curves  A  and  B,  Fig.  11.  In  virtue  of  the  fact  that  in  B  there  are 
more  turns  on  the  blow-out  coil,  the  blow-out  should  be  much  more 
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rked  than  in  A.    The  reverse,  however,  is  the  case,  showing  that  the   Mr.  cramp. 
inductance  added  by  the  blow-out  coil  more  than  compensates  for  the 
blow-oot  e£Fect — a  very  important  fact. 

The  conclusions  mentioned  at  the  bottom  of  page  66  with  regard  to 
Fig.  19  are  evidently  only  true  for  the  upper  portion  of  the  curves  not 
shown  in  the  diagram,  that  is,  it  is  only  at  high  overloads  that  enclosed 
fnses  are  quicker  than  open-type  fuses. 

Finally,  I  wish  to  call  attention  to  a  number  of  enclosed  fuse  samples 
wtiich  I  tested  for  Professor  Ayrton  some  years  ago  on  behalf  of  the 
Admiralty.  We  found  that  by  far  the  best  enclosed  fuse  was  Siemens 
A  Halskc's  stiver  wire  embedded  in  plaster  of  Paris,  which  never  failed 
to  act.  On  the  other  hand,  Dor  man  &  Smith's  damper  porcelain 
boiders  smashed  frequently  on  short  circuit,  and  on  limited  overload 
the  No-arc  fuses  were  very  unsatisfactory,  for  they  would  blow  and 
idH  continoe  to  carry  almost  full-load  current  with  a  slightly  higher 
resistance. 

Mr.  C.  F.  Smith  :  1  do  not  feel  able  to  consider  in  detail  the  large  Mr.  SmiUL 
lumber  oi  experimental  data  included  in  this  paper,  as  a  good  deal  of 
tune  woold  be  necessary  in  order  to  study  them  sufficiently  to  gather 
aU  the  information  embodied  in  the  results  and  to  form  a  correct 
etfimatr  of  their  value.  There  are,  however,  one  or  two  points  con- 
nected with  the  general  method  of  carrying  out  the  tests  on  which  a 
little  niore  information  from  the  authors  seems  desirable. 

In  the  first  place,  the  majority  of  the  tests  were  carried  out  on  a 
circoit  with  a  definite  resistance  sufficient  to  produce  a  drop  in  the 
arcuit  ol  3  per  cent  with  the  normal  fusing  current  of  the  fuse.  It 
would  seem  at  first  that  a  rather  arbitrary  condition  was  thus  adopted, 
aod  that  the  usefulness  of  the  results  for  general  conditions  might  be 
found  to  be  considerably  lessened  thereby.  The  authors  state  that  this 
drop  oi  3  per  cent  b  found  to  be  representative  of  the  conditions 
hkely  to  be  met  with  in  house  services  for  mains  and  distribution  fuse- 
boards^  and  I  would  suggest  that  the  information  which  they  have 
coUccted  as  the  ground  for  this  assumption  would  be  very  valuable,  as 
ftbowtng  to  what  extent  it  is  permissible  to  assume  a  constant  drop  in 
Mch  cases. 

The  *'  drop  "  in  the  leads  of  the  circuit  does  not,  however,  depend 
only  00  the  resistance  of  the  circuit  when  a  sudden  rush  of  current 
00cm.  It  b  more  particularly  in  connection  with  the  other  factor 
prodoctng  the  drop  (namely,  the  self-induction)  that  I  wish  to  make  a 
few  remarks.  I  had  the  curiosity  this  morning  to  calculate  roughly  the 
Tilae  oi  the  self-induction  in  an  ordinary  2- wire  circuit.  I  took  as  an 
example  the  case  of  two  parallel  conductors  separated  by  a  distance 
equal  to  ten  times  the  radius  of  the  conductor.  On  this  basis  the  self- 
mdnctJOQ  works  out  at  about  o'l  millihenry  per  100  yards  of  circuit 
AMumng  that  the  circuit  upon  which  the  fuses  are  to  t>e  blown  is 
100  yards  in  length,  and  taldng  the  rate  of  fall  of  the  current  after 
its  waiimnm  value  is  reached  from  the  oscillograms  in  the  paper  (for 
example.  Fig.  8  B)  to  be  331OO0  amperes  per  second,  the  voltage  set 
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lir.,Smith.      up  in  the  leads  by  self-induction  during  the  blowing  of  the  fuses  would 
appear  to  be — 

,  dc       "^3,000  X  o'l  -^ 

^dt  =  '^-[^ ^3-3  volts. 

that  is,  the  ''drop"  in  the  conductor  due  to  self-induction  would  be 
greater  than  the  "drop"  due  to  resistance. 

This,  however,  is  not  a  fair  measure  oi  the  effect  of  the  circuit 

inductance,  because  the  value  of  ^  is  taken  from  the  authors'  curves 

obtained  with  a  choking  coil  in  the  circuit,  of  which  the  self-induction 
is  given  as  23  millihenries.  The  rate  of  fall  of  the  current  in  a  circuit 
without  artificial  inductance  should  be  about  230  times  as  great  as  that 
just  found  ;  that  is,  we  ought  to  get  a  reverse  E.M.F.  in  the  circuit  on 
breaking  having  a  value  of  3*3  x  230  =  760  volts.  I  do  not  think  that 
anything  like  so  large  a  rise  would  actually  occur,  because  there  is 
evidence  from  the  authors*  curves  that  the  inductance  of  the  choking 
coil  which  they  employed  was  much  less  than  23  millihenries  at  the 
moment  of  melting  of  the  fuse.  What  I  wish  to  emphasise,  however, 
is  that  an  E.M.F.  of  self-induction  of  large  value  compared  with  the 
total  voltage  applied  to  the  circuit  will  certainly  be  formed  in  a  circuit 
which  would  be  termed  by  the  authors  "non-inductive."  From  the 
figures  just  given,  it  is  evident  that  a  circuit  having  a  true  self-induction 
of  23  millihenries  would  show  a  very  much  higher  rise  in  voltage  than 
anything  shown  on  the  oscillograms. 

Doubtless  iron  saturation  and  capacity  effects  in  the  winding  of  the 
coil  have  actually  had  a  great  influence  at  the  moment  of  fusion,  and 
the  value  given  for  the  inductance  of  the  coil  cannot  be  taken  as  any 
guide  as  to  the  value  of  the  actual  inductance  of  the  circuit 

On  looking  at  some  curves  given  by  Oelschlager  in  the  Elect  rot  echnische 
Zeitschrift  for  1904, 1  find  that  on  a  short  circuit  made  as  nearly  "dead  " 
as  possible  the  value  of  the  rate  of  change  of  current  was  practically 
9  X  10*  amperes  per  second.  The  conclusion  I  should  like  to  draw 
from  this  is  that  the  self-induction  of  the  circuit  is  a  matter  of  abso- 
lutely vital  importance  to  the  manner  in  which  the  fuse  blows,  and  that 
when  a  circuit  is  stated  to  be  "non-inductive"  this  must  be  clearly 
understood  as  a  relative  term,  and  that  the  amount  of  inductance  in  an 
ordinary  lighting  circuit  is  by  no  means  negligible,  when  considering 
the  effect  of  a  short  circuit.  I  venture  to  think  that  the  authors  have 
hardly  considered  this  point  sufficiently. 

I  should  like  also  to  refer  to  the  formula  Mr.  Cramp  has  already 
mentioned  on  page  74.  I  had  some  difficulty  in  understanding  the 
meaning  of  the  calculation  on  that  page,  but  I  think  this  was  probably 
due  to  a  want  of  a  clear  understanding  of  the  authors'  definition  of 
"rating."  "Rating,"  as  far  as  I  can  see,  is  synonymous  with  the 
normal  fusing  current  in  the  paper.  If  so,  the  rating  of  the  fuse  is 
simply  the  current  required  to  produce  the  maximum  permissible 
temperature,  divided  by  the  factor  of  safety. 
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One  last  point  in  connection  with  the  capacity  of  the  generators,  Mr.  Smith. 
The  reason  why  the  effects  obtained  by  the  authors  appear  to  be 
todependent  of  the  capacity  of  the  generators  is  the  relatively 
brgc  drop  in  the  circuit  compared  with  the  drop  due  to  armature 
rcM^ancc  of  the  generators'  armature.  It  is  not  really  the  capacity 
<d  the  generator  which  determines  the  extent  to  which  its  voltage 
IS  maintained  during  a  momentary  short  circuit,  but  its  inertia, 
mechanical  and  electrical.  Except  for  the  drop  due  to  the  armature 
rcu:4ance,  1  should  prefer  to  say  that  the  effect  of  size  of  generator 
depends  really  on  mechanical  and  electrical  inertia  (that  is,  self-induc- 
tion), although,  of  course,  inertia  and  output  capacity  will  usually  vary 
together.    This  point  is  not  very  clearly  expressed  by  the  author. 

Mr.  S.  J.  Watson  :  I  am  rather  sorry  the  authors  have  not  given  us  Mr.  Watson. 
more  information  on  the  metal  aluminium.  Most  of  the  experiments 
deal  with  copper  and  with  tin  and  zinc,  but  aluminium  is  hardly  spoken 
of  at  all.  Now  that  is  one  of  the  metals  which,  personally,  I  have  found 
a  great  deal  of  use  for,  and,  I  may  say,  particularly  in  connection  with 
feeder  and  distribution  section  boxes  placed  above  ground  in  different 
ports  ol  the  town.  The  metal  is,  I  think,  excellent  for  that  purpose. 
Tbe^  fuses  are  about  200-ampere  normal  carrying  capacity,  and  we  do 
occasionally  have  one  blow,  but  even  with  exceedingly  bad  short 
orcuits  close  up  to  the  t>oxes  they  cause  no  trouble,  and  very  little 
iiie»:»  is  made  in  the  fuse  itself. 

There  is  also  another  very  important  point  mentioned  by  the 
authors,  and  that  concerns  the  use  of  fuses  of  the  tubular  type.  In  all 
cakc^  where  such  fuses  are  used  either  the  tube  ends  should  be  sealed 
op,  the  whole  fuse  and  terminals  enclosed  in  a  case,  or  care  taken  to 
provide  that  the  ejection  of  the  molten  metal  from  the  open  ends  when 
the  f  u^e  blows  cannot  cause  damage  to  other  apparatus  in  the  imme- 
diate neighbourhood.  I  had  occasion,  a  short  time  ago,  to  be  sorry 
that  we  had  not  taken  these  precautions  in  the  case  of  a  tubular  fuse  on 
one  of  our  boards.  This  fuse  was  carrying  a  normal  current  of  about 
too  amperes,  and  it  was  situated  on  a  traction  board  at  a  distance  of 
aocne  3  or  4  feet  from  a  generator  change-over  switch,  the  top  connec- 
tions of  the  switch  being  for  Ughting  and  the  lower  portions  for  trac- 
tion. The  fuse  blew,  and  the  metal  was  ejected  across  to  this  change- 
over »virilch,  and  caused  a  short  circuit  across  the  terminals,  practically 
shotting  the  machine  down.  That  was  with  a  tin  fuse.  The  amount 
ctf  the  metal  for  the  loo  amperes  was  possibly  three  or  four  strands  of 
socnethuig  like  14  S. W.G.,  and  at  the  distance  mentioned  it  caused  an  arc 
to  be  set  up  between  terminals  a  distance  of  at  least  i^  inches  apart, 
having  a  difference  of  potential  of  about  450  volts  between  them.  Of 
CDoTftc,  had  that  fuse  been  entirely  sealed  at  both  ends,  such  a  thing 
woold  not  have  happened.  It  also  has  an  important  t>earing  on  the 
6rc  risk.  If  the  metal  can  t>e  ejected  at  distances  like  that,  and  in  such 
a  moiten  state,  the  use  of  ail  combustible  material  round  at)out  it  should 
be  avoided. 

Another  very  important  point  is  on  the  mixture,  or  the  purity,  of 
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Mr.  Watson,  the  material  of  the  tin  and  the  lead.  At  different  times  I  have  had  a 
number  of  tests  carried  out  on  the  usual  commercial  tin  fuse  wire  which 
is  obtained  for  ordinary  work,  and  I  have  found  that  with  a  given 
diameter  of  wire,  supposed  to  be  of  exactly  the  same  quality,  the 
capacity  varies  enormously.  The  makers  of  fuse-wire  should  therefore 
pay  a  good  deal  more  attention  to  that  point. 

Professor  Schwartz  and  Mr.  James  {in  reply) :  Mr.  Andrews's 
experiments  afford  an  interesting  illustration  of  the  magnetic  blow- 
out effect  in  fuses.  With  regard  to  the  behavioiu*  of  fuses  blowing 
with  small  overloads,  it  is  well  known  that  with  certain  types  of  both 
open  and  enclosed  fuses  under  these  conditions  the  arc  is  more  per- 
sistent than  when  blowing  under  larger  overloads,  and  therefore  all 
fuses  should  in  addition  to  a  short-circuit  test  be  tested  with  a  gradually 
increased  load. 

With  reference  to  Mr.  Russell's  contention  that  a  fuse  blowing  on 
short  circuit  explodes  due  to  the  pressure  of  the  metal  vapour  developed 
in  the  interior  of  the  fuse,  we  would  suggest  that  the  projection  of  the 
metal  particles  to  considerable  distances  may  be  accounted  for  by  the 
molten  metal  segregating  into  globules  and  the  arcs  formed  between 
the  globules  raising  the  metal  of  the  globules  to  the  boiling-point,  the 
emission  of  this  vapour  projecting  the  globules  after  the  manner  of 
rockets,  the  temperature  of  the  globules  being  kept  up  by  the  com- 
bination with  oxygen.  Mr.  Russell's  contention  is  no  doubt  correct 
where  metals  with  a  solid  oxide  sheath  are  concerned.  With  copper 
the  oxide  sheath  is  soluble  in  molten  copper,  and  the  explanation  of  the 
double  peak  in  the  pressure  rise  in  the  oscillograms  is  possibly  due  to 
the  fact  that  following  on  fusion  the  segregation  of  the  metal  into 
globules  suddenly  introduces  a  high  resistance  into  the  circuit,  and  the 
consequent  sudden  drop  in  current  causes  the  first  peak.  In  metals 
with  solid  oxide  sheaths  this  segregation  into  globules  does  not  occur 
at  the  moment  of  fusion,  but  immediately  after  disruption,  and  con- 
sequently the  double-peak  characteristic  of  copper  and  silver  is  not 
observed.  The  pressure  rise  at  the  moment  of  the  final  break  is 
common  to  all  metals. 

The  question  of  the  power  behind  a  fuse  on  test  is  an  important 
one,  and  we  quite  agree  with  Mr.  Patchell  that  the  pressure  is  an  all- 
important  factor ;  but  we  hold  that,  with  a  given  circuit  pressure  and 
the  short-circuit  current  limited  to  the  amount  the  fuse  will  get  when 
in  actual  service,  so  long  as  the  source  of  supply  can  give  this  current 
for  a  short  time  at  the  stated  pressure  the  actual  pressure  in  kilowatts  of 
the  source  of  supply  is  immaterial.  With  regard  to  the  intensity  of  the 
short-circuit  currents  suitable  for  the  testing  of  fuses  of  various  types, 
further  investigations  on  the  lines  of  the  experiments  conducted  by 
Mr.  S.  L.  Pearce  in  Manchester  are  required. 

We  agree  that  fuses  intended  for  house  distribution  work  would  not 
operate  satisfactorily  if  shorted  across  the  busbars  in  a  central  station, 
but  we  contend  that  they  would  there  be  subjected  to  far  more  severe 
conditions  than  they  would  be  required  to  meet  in  actual  practice.     In 
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reply  to  Mr.  Patchell's  queries,  Calais  sand  is  purely  siliceous,  whereas  Mesv*. 
Trent   sand  is  largely  argilaceous ;  the  diameters  of  the  wires  arc  and^anwu. 
gmo  in  Table  X.  in  place  of  the  gauges,  as  the  latter  are  B  and  S. 

In  reply  to  Mr.  Paterson,  if  the  minimum  no-arc  length  is  deter- 
mined in  the  manner  stated,  there  is  no  great  uncertainty  as  to  the 
resolts;  if,  however,  this  method  of  procedure  is  not  adhered  to, 
consistent  results  will  not  be  obtained. 

The  conditions  obtaining  when  a  metal  conductor  extending 
between  two  fixed  terminals  is  disrupted  are  essentially  different  to 
those  obtained  when  an  arc  is  drawn  out  between  a  moving  switch- 
Made  and  a  fixed  contact,  and  we  hardly  think  that  Messrs.  Russell  and 
Paterson's  interesting  results  could  be  applied  with  advantage  to  fuses. 

Mr.  Mordey  states  that  it  has  long  been  recognised  that  copper  and 
slver  are  the  l>est  metals  for  fuses,  but  at  the  present  time  in  this 
coontry  it  is  difficult  to  find  an  enclosed  fuse  in  which  these  metals  are 
employed,  and  with  open -type  fuses  the  use  of  the  softer  metals  still 
preponderates;  copper  wire  can  be  used  down  to  sizes  fusing  with 
6  amperes. 

With  regard  to  the  "Caddis  cases,"  we  have  in  the  paper  dis- 
tinguiUied  between  the  skeaih  of  oxide  which  forms  around  wires  of 
GsidiNable  metal  in  open-type  fuses  and  the  slag  iubes  formed  by  the 
floxing  ol  the  siliceous  fillings  of  enclosed  fuses;  it  is  these  latter 
wtiich  conduct  after  the  manner  of  Ncmst  filaments,  while  it  was  to 
the  former  that  the  term  "  Caddis  cases "  was  applied. 

We  have  had  a  considerable  experience  of  tinned  copper  fuse  wire, 
and  have  not  observed  any  noteworthy  alteration  in  the  fusing  current 
produced  by  the  tinning. 

In  copper  wires  of  small  gauge  considerable  variation  in  diameter 
is  frequently  found  in  the  same  coil.  This  probably  accounts  for  the 
variation  in  fusing  current  found  by  Mr.  Sayers. 

In  reply  to  Dr.  Garrard,  in  our  previous  paper  on  "Low- tension 
Thermal  Cut-outs "  we  defined  the  normal  fusing  current  as  follows : 
••  The  normal  fusing  current  for  a  given  wire,  the  length  and  environ- 
ment ol  which  zre  constant,  may  be  defined  as  the  minimum  current 
required  to  fuse  the  wire  in  such  a  time  interval  as  shall  be  necessary 
for  the  wire  to  have  attained  its  maximum  steady  temperature."  This 
dcfinttioa  we  have  never  departed  from.  For  small-size  open  fuses 
we  have  determined  the  N.F.C.  by  slowly  increasing  the  current  at  a 
ghrcn  rate,  but  with  large  fuses,  especially  when  enclosed  too  high,  a 
valoe  may  be  obtained  by  this  method  owing  to  the  large  time  element, 
bence  the  modified  method  of  determination  given  in  the  present  paper. 
With  reference  to  the  lime  element,  there  is  a  good  deal  in  Dr. 
Garrard'4  contention  that  it  should  be  represented  by  a  curve  ;  but 
it  would,  of  course,  t>e  impossible  to  represent  it  in  this  way  on  the 
label  oi  a  fuse. 

Mr.  Cramp  complains  that  the  results  given  in  general  in  the  paper 
arc  not  tnitable  to  the  de«^igncrs  of  fuses.  I  may  say  that  there  is  some 
truth  in  that  contention.    These  results  really  are  putting  into  shape  the 
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s<S«Sru  experimental  work  which  we  have  been  doing  over  the  last  two  years 
and  James,  for  the  Engineering  Standards  Committee,  and  when  these  results  have 
been  considered  by  the  Standards  Committee  I  think  Mr.  Cramp  will 
find  that  they  will  be  definite  and  valuable  for  designers.  We  have 
purposely  avoided  making  any  very  definite  statements,  or  drawing  up 
any  conclusions,  because  the  matter  is  in  the  hands  of  the  Standards 
Committee,  and  we  do  not  wish  in  any  way  to  prejudice  their  considera- 
tion of  the  case.  I  think,  however,  if  Mr.  Cramp  will  look  at  the  paper 
again,  he  will  find  that  some  very  definite  information  is  conveyed  in 
these  figures.  Looking  at  the  particular  curve  in  Fig.  4  on  which  he 
based  his  remarks,  he  would  be  able  by  reference  to  that  curve  to  see 
what  length  of  fuse  he  would  have  to  use  in  order  to  secure  immunity 
from  fusion  on  his  terminals.  Then  with  regard  to  the  reference  to 
attacking  the  problem  from  a  more  scientific  and  theoretical  point  of 
view.  I  quite  agree  that  from  a  theoretical  point  of  view  a  good  deal 
can  be  worked  out  as  to  the  behaviour  of  a  wire  up  to  the  moment  of 
fusion,  but  I  would  like  to  make  this  point  very  strongly,  that  we  are 
concerned  not  only  with  what  the  fuse  is  doing  up  to  the  moment  of 
fusion,  but  also  with  what  follows  in  the  few  hundredth  parts  of  a 
second  after  fusion  has  taken  place.  In  actual  work  so  many  con- 
ditions come  in,  that  a  purely  theoretical  handling  of  the  subject  will 
not  lead  to  any  practical  results.  I  would  refer  Mr.  Cramp  for  further 
information  on  this  point  to  our  previous  paper  on  "  Low-Tension 
Thermal  Cut-outs," 

With  regard  to  the  temperature  of  the  globules,  it  is  quite  true  that 
tin  melts  at  a  temperature  of  230°  C.  Mr.  Cramp  thinks  that  very  likely 
the  globules  thrown  off  by  the  fuse  would  influence  the  photographic 
plate  at  a  comparatively  low  temperature.  I  hardly  think  that  they  would 
influence  the  plate  at  a  temperature  as  low  as  230°  C,  which  is  very 
much  below  red  heat,  and  I  think  he  would  agree  that  the  temperature 
of  these  globules  really  is  high  when  we  come  to  consider  the  effect  of 
the  scattering  of  them  on  the  blowing  of  a  fuse  of  a  low  fusing-point 
metal.  For  instance,  take  zinc;  the  metal  globules,  although  their 
melting-point  is  low,  are  at  so  high  a  temperature  that  they  go  on 
burning  in  the  air,  and  will  set  fire  to  objects  on  which  they  fall. 
Both  Mr.  Cramp  and  Mr.  Smith  have  drawn  attention  to  the  calculation 
on  page  74.  Now  the  reason  for  its  form  is  that  it  represents  the 
suggestion  which  we  make  as  to  the  rating  of  a  fuse  which  should  go  on 
the  label,  and  that  *'  B"  is  kept  in  because  it  represents  the  permissible 
full-load  current  of  the  circuit,  and  is  one  of  the  quantities  which  we 
wish  to  express  on  the  label.  The  rating  of  the  fuse  should  not  be 
limited  to  the  normal  fusing  current,  but  should  also  include  a  figure 
expressing  the  sensitiveness,  and  possibly  also  another  expressing  the 
time  element  of  the  fuse.  Our  factor  of  safety  is  on  the  current  which 
gives  the  maximum  temperature  rise  allowed. 

Mr.  Watson  raises  the  question  as  to  aluminium.  We  have  not 
dealt  very  largely  with  aluminium  owi^g  to  its  action  when  placed  in 
contact  with  brass  or  copper  in  a  dump  situation.    About  two  years 
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hack  some  aluminium  fuses  from  section  pillars  were  brought  to  my 
notice  which  were  corroded  where  the  aluminium  strip  made  contact  ?S5^1!!ii* 
with  the  copper  jaws,  owing  to  the  aluminmm  bemg  highly  electro- 
positiTe  to  the  copper ;  this  may  be  reduced  by  coating  the  surfaces 
with  Mack  lead  or  tinning  the  contacts.  For  small  circular  wires  the 
actioa  of  the  oxide  sheath  is  prejudicial ;  it  holds  up  the  molten  metal 
until  it  is  vapourised.  Aluminium  also  necessitates  larger  mass  being 
nsed.  and  this  should  be  avoided.  Silver  has  not  been  used  very  much 
in  this  country.  Up  to  about  a  year  ago  it  was  used  very  largely  in 
Germany  ;  German  electricians  have  recently  congratulated  themselves 
on  the  discovery  that  copper  is  better  than  silver. 

In  connection  with  the  use  of  the  term  "no  arc/'  it  must  be 
pointed  out  that  in  general  an  arc  may  be  said  to  take  place  when- 
ever  a  current  passes  between  two  electrodes  through  a  column  of 
vapoor.  From  this  point  of  view  an  arc  takes  place  (though  often 
of  very  short  duration)  each  time  a  fuse  is  blown.  In  this  paper, 
however,  the  term  "  arc  "  is  restricted  to  occasions  when  the  severity 
IS  SDch  as  to  cause  damage  to  the  terminals ;  if  after  blowing  a 
fuse  the  jaws  of  either  of  the  terminals  are  fused  together,  an  "  arc  " 
is  said  to  have  occurred  ;  if  the  jaws  are  not  fused  (possibly  they 
may  be  slightly  marked,  though  still  quite  usable),  "no  arc"  is  said 
to  have  taken  place.  As  Mr.  Cramp  suggests,  it  is  quite  possible 
that,  with  what  is  apparently  a  longitudinal  field,  we  may  really  be 
getting  a  field  ttiat  is  to  some  extent  a  lateral  one,  owing  to  the  curving 
of  the  lines  of  force  ;  when  an  independent  coil  has  been  used  to 
prodoce  the  "blow-out**  field,  care  was  taken  to  place  the  fuse  in  the 
axis  ol  the  coil  and  as  near  the  centre  as  possible.  In  connection  with 
Fig.  It,  Mr.  Cramp  suggests  that  the  longer  duration  of  arc  with 
9o  tnms  as  compared  uith  to  is  possibly  due  to  the  increased  inductance 
obtaioed.  This  is  not  probable,  because  in  each  case  there  was  extra 
inductance  in  the  circuit,  which  was  large  in  comparison  to  that  due  to 
the  turns  round  the  fuse. 

The  inductances  given  in  the  paper  were  measured  with  alternating 
currents,  and  therefore  the  result  in  the  case  of  the  field  coil  mentioned 
by  Mr.  Cramp  will  t)e  lower  than  the  calculated  value  owing  to  the 
effects  of  the  eddy  currents  in  the  solid  iron  core.  How  much  less  will 
depend  upon  the  magnitude  of  the  eddy  currents  produced  which  will 
depend  upon  the  rate  of  change  of  flux.  It  is  to  be  noted  that  this 
apparent  diminution  of  inductance  will  also  take  place  when  the  flux  is 
dtaappcaring  in  a  direct -current  circuit  containing  solenoids  with  un- 
tamtnated  iron  cores.  The  numl>ers  given  in  the  paper  for  inductances 
in  variooft  types  of  circuit  are  only  approximate,  as  in  addition  to  varying 
with  the  canse  mentioned  alwve  the  values  will  also  depend  upon  the 
current  flowing  in  the  circuit 

Mr  Smith  has  pointed  out  that  the  pressure  rise  in  an  inductive 
orcnst  is  not  nearly  so  high  as  would  be  expected  from  a  consideration 
of  the  rate  of  fall  of  current  and  the  assumed  inductance.  The  slope  of 
the  citnrc  of  riu  of  current  coofirms  his  idea  as  to  the  core  becoming 
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Messrt.         saturated  during  the  rush  of  current  obtained  in  short-circuit  tests,  with 

Schwartz 

and  James,  a  Consequent  diminution  in  the  inductance — it  will  be  noticed  that  the 
rate  of  rise  of  current  is  greater  when  the  current  has  reached  a  half  of 
its  maximum  value  than  at  first,  whereas  if  the  inductance  had  been 
constant  the  rate  of  rise  of  current  would  continuously  diminish  as  the 
current  rose.  It  is  worthy  of  note  in  connection  with  Mr.  Smith's 
remarks  on  the  inductance  of  the  cable  itself,  that  pressure  rises  have 
been  obtained  when  no  added  inductance  has  been  used  ;  the  pressure 
rise,  however,  is  small  and  of  very  short  duration.  Mr.  Smith's  sugges- 
tion as  to  the  advisability  of  experimenting  on  cables  of  different  lengths, 
using  no  added  inductance,  is  a  valuable  one. 
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Proceedings  of  the  Four  Hundred  and  Seventy-second 
Ordinary  General  Meeting  of  the  Institution 
of  Electrical  Engineers,  held  in  the  Rooms 
of  the  Institution  of  Civil  Engineers,  Great 
George  Street,  Westminster,  on  Thursday 
evening,  March  12,  1908 — Colonel  R.  E. 
Crompton,  C,B.,  President,  in  the  chair. 

The  minates  of  the  Ordiiury  General  Meeting  held  on  March  5, 
tqoS,  were  taken  as  read,  and  confirmed. 

The  list  of  candidates  for  election  into  the  Institution  was  taken  as 
read,  aod  it  was  ordered  that  it  should  be  suspended  in  the  Library. 

The  following  list  of   transfers   was  published  as  having   been 
approved  by  the  Council : — 

•     TRANSFERS. 

From  the  class  of  Associate  Members  to  that  of  Members  :— 
Charles  D.  Le  Maistre. 

From  the  class  of  Associates  to  that  of  Associate  Members  : — 

Clarence  Edgar  Allen.  l  Charles  F.  H.  Bayly. 

William  R.  Anderson.  |  Leopold  C.  Benton. 

From  the  class  of  Students  to  that  of  Associate  Members : — 


James  T.  Becklake. 
L.  B.  Boibu-d. 
F.  W.  BreckneU. 
James  Coghlan. 
\lctor  W.  Gill. 
Thomas  C.  HalL 


Andrew  Hamilton. 
G.  Ollonqvist 
L.  E.  SiUler. 
Fred  Wardrobe. 
Gea  S.  Wilson. 
WiUred  Yorke. 


Messrs.  R.  Grigg  and  A.  P.  Haslam  were  appointed  scrutineers  of 
the  t»Uot  for  the  election  of  new  members,  and»  at  the  end  of  the 
neeting,  the  following  were  declared  to  have  been  duly  elected  ;-^ 
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[March  12th, 


ELECTIONS. 

As  Members, 


Thomas  Boyden. 


I         Carl  Koettgen. 
Frederick  Leonard  McKeever, 


As  Associate  Members. 


William  Walne  Alston. 
Ernest  James  Cox. 
Jonas  Henry  Crossley. 
George  Kenelm  Field. 
Francis  Richard  Marsh. 


Sydney  William  Melsom. 
William  Henry  Perrow. 
Thomas  Henry  Relton. 
Cecil  R.  Shaw. 
Walter  Winkworth. 


As  Associates, 


George  Alexander  S.  Atkinson.     |         William  Frain. 
Alec  Gardner,  Captain,  R.E. 

Donations  to  the  Building  Fund  were  announced  as  having  been 
received  since  the  last  meeting  from  M.  B.  Byng  and  Professor  J. 
Epstein  ;  and  to  the  Benevolent  Fund  from  F.  Gill,  to  whom  the  thanks 
of  the  meeting  were  duly  accorded. 

Sir  William  Preece  then  delivered  the  following  lecture  : — 
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LECTURE:   AMERICA   REVISITED,   1907. 

By  Sir  WiLLiAM  HENRY  Preece,  K.C.B.,  F.R.S.  (Past 

President). 

{Delivered  on  March  12,  1908.) 

I  have  visited  the  United  States  four  times — in  1877,  1884,  1893,  and 
i<)07.  My  first  visit  was  official — to  investigate  the  telegraphic  system — 
ind  the  result  was  the  introduction  of  the  telephone  to  this  continent. 
Uy  second  visit  was  with  the  British  Association  to  Montreal,  but 
hcing  invited  to  the  States  to  attend  the  American  Association  at 
Philadelphia,  I  took  advantage  of  my  visit  there  to  inspect  the  pro- 
grcif,  made  in  telegraphs,  telephones,  and  electrical  industry  generally. 
Uy  third  visit  was  as  a  British  Commissioner  to  the  World's  Fair,  at 
Chicago,  and  again  I  was  able,  through  the  great  kindness  of  our 
American  friends,  to  overhaul  the  progress  made  in  our  profession. 

My  last  and  recent  visit  was  as  the  guest  of  Mr.  Andrew  Carnegie,  to 
is&ist  in  the  dedication  of  his  great  gift  to  Pittsburg — the  Carnegie 
Institute — by  which  education,  art,  science,  and  engineering  will 
receive  a  great  increment  of  propelling  force  in  America.  The  previous 
Tiyib  were  duly  reported  to  this  Institution,  and  will  be  found  in  the 
printed  proceedings  for  each  of  the  years  mentioned."^  I  propose  now 
repeating  the  same  operation  upon  my  visit  in  April,  1907. 

I  have  crossed  the  North  Atlantic  Ocean  ten  times,  including  a  trip 
to  the  West  Indies,  and  have  experienced  a  very  great  improvement 
in  the  character  of  the  ships  and  in  the  comforts  of  the  journey.  The 
table  on  next  page  gives  the  Cunarders  in  which  I  have  sailed,  and,  for 
oomparison,  the  first  and  the  last  ship  of  that  Company.  It  is  interesting 
to  notice  the  evolution  in  length,  size,  power,  and  speed  ;  but  it  is  in  the 
provision  of  food  that  the  improvement  is  chiefly  marked,  for  the  fare 
OQ  board  the  Carmania  allowed  now  in  the  third-class  saloon  is  quite 
M  good  as  that  provided  in  the  first-class  saloon  thirty  years  ago. 
Reading-rooms,  writing-rooms,  card-rooms,  and  delightful  lounges  arc 
additional  luxuries  of  space.  Baths  and  lavatories  exist  in  excess,  and 
not  in  the  serious  deficiency  of  the  seventies,  when  one  had  to  form  a 
tnut  in  a  long  queut  and  waste  long  periods  in  waiting  for  one's  turn 
"Object  to  the  jeering  smiles  of  passing  lady  passengers  1 

•  Jomrmsl,  Intitlmtion  of  EUctrkal  EnHinttn,  vol.  vii.,  1878,  p.  3 J,  "The  American 
Ibid.  vol.  liiU  1884,  p.  570,  "*  A  Visit  to  Canada  and  the  United  States  in  the  year 
lb«L,  vol  ixiit^  1894*  P-  4^  **  ^otcs  of  a  Trip  to  the  United  State*  and  to  Chicago. 
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But,  above  all,  we  in  the  Caronia  passed  through  three  severe  gales 
without  the  necessity  of  having  "  fiddles "  on  the  tables,  and  without 
any  serious  reduction  in  our  numbers  at  meals.  The  twentieth  century 
long  ships  ride  over  the  waves  without  pitching,  and  the  ample  bilge 
keels  check  rolling,  while  the  distribution  of  cargo,  coals,  and  water 
ballast  secure  better  balance  and  trim.  Were  it  not  for  fogs  crossing 
the  Atlantic  would  be  a  luxury,  but  the  low  melancholy  wail  of  the 
deep-toned  foghorn,  periodically  emitted,  makes  a  fog  an  incentive  to 
suicide.  If  radio-telegraphy  and  submarine  signalling  were  universally 
applied  the  foghorn  would  be  unnecessary.  Submarine  signalling  is  in 
its  infancy,  but  the  Caronia  and  Carmania  are  both  fitted  up,  as  well 
as  the  new  Cunard  Leviathans,  the  Lusitania  and  the  Mauritania. 

The  Caronia  and  Carmania  are  sister  ships,  but  the  one  is  fitted 
with  reciprocating  engines,  and  the  other  with  turbines  (Parsons). 
Their  dimensions  and  propelling  power  are  precisely  the  same,  but 
their  propellers  and  revolutions  per  minute  differ  in  number,  size, 
speed,  and  position. 

The  Caronia  has  two  screws  of  24  ft.  diameter  at  the  edge  of  the 
blades,  and  the  Carmania  three  of  14  ft  diameter.  The  revolutions 
of  the  former  are  80  and  of  the  latter  185,  but  the  immersion  of  the 
turbine-driven  propellers  is  so  much  deeper  that  they  never  come 
out  of  the  water,  while  those  of  the  Caronia  in  stiff  gales  do  come  out 
and  •'  race,"  and  give  those  nasty  vibrations  which  led  one  of  our  past 
presidents,  now  dead  and  gone,  the  brilliant  Scudamore,  to  write  : — 

**  O,  the  racing  of  tlie  screw  !     What  the  mischief  shall  I  do 
With  this  most  malignant  beating  of  an  ill-intentioned  screw  ? 

With  the  lifting  and  the  thumping, 

And  the  shifting  and  the  bumping, 
And  the  most  unpleasant  jumping  of  an  evil-minded  screw  ?  ** 

This  experiment  of  the  Cunard  Company  has  been  a  momentous 
event.  It  has  led  to  the  adoption  of  the  turbine  on  their  new 
Leviathians,  and  there  is  no  doubt  that  the  advantage  of  the  removal 
of  "  racing"  has  had  an  immense  influence  jq  forming  their  judgment* 
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The  travelling  public  can  only  be  grateful  to  the  Cunard  Company  for 
adding  so  much  to  their  comfort 

New  York. 

The  change  in  the  sky-line  as  you  approach  New  York  is  very 
marked.  The  confined  space  in  the  lower  end  of  the  old  town  has 
made  land  so  valuable  that  it  has  forced  building  upwards,  and  New 
York  is  now  covered  with  Towers  of  Babel.  My  hotel,  the  Belmont, 
ha»  twenty-seven  floors,  five  of  them  being  below  ground.  It  is 
368  ft  above  the  ground — higher  than  St.  Paul's.  It  is  steel  framed 
like  all  these  new  buildings.  It  is  beautifully  equipped,  thoroughly 
veil  managed,  and  a  most  comfortable  house  to  stay  in — though  it 
does  perceptibly  vibrate  in  the  upper  floors  in  strong  gales.  My  room 
was  on  the  seventeenth  floor,  and  I  had  from  my  window  a  fine  pano- 
rama of  the  East  River,  with  its  great  bridge,  and  of  Long  Island. 
Messrs.  Singer  were  conunencing  in  Broadway  a  record  building  of 
forty-ooe  floors,  and  I  had  a  grand  opportunity  of  inspecting  the  founda- 
tioQS.  It  has  now  been  completed  and  occupied.  It  is  612  ft  high  I 
I  abo  inspected  the  new  McGraw  Buildings — the  home  of  the  Electrical 
World  and  all  its  allies — a  fine  and  handsome  ferro-concrete  building, 
and  I  spent  much  time  in  the  lofty  homes  of  Telegraphy  and  Telephony. 
One  of  the  most  interesting  and  picturesque  edifices  is  the  office  of  the 
Sfm  York  Times,  Its  lofty,  conspicuous,  busy  tower  raises  its  head  in 
the  upper  part  of  the  town  with  the  graceful  lines  of  a  classical  Italian 
ilmcture.  It  reminded  me  of  Giotto*s  tower  in  Florence.  It  has  thirty 
itones,  sax  being  below  ground.  It  is  remarkable  for  the  fact  that  the 
aobway  railway  of  four  lines  passes  through  the  basement,  and  that  it 
n  built  over  Times  Square  station.  This  station  is  4  miles  from  the 
Battery  and  4  miles  from  145th  Street,  the  other  end  of  New  York. 
It  is  thus  geographically  the  centre  of  Manhattan. 

The  backbone  of  Manhattan  Island  is  a  bed  rock  of  gneiss — a 
primary  rock  apparently  free  from  earthquake  disturbances.  All  the 
new  steel-framed  and  ferro-concrete  buildings  are  based  on  this  rock. 
The  highest  building  in  New  York  from  foundation  to  top  is  the  atx)vc- 
mcntioned  **  Singer  **  building.    European  heights  are — 

fi. 

Cologne  Cathedral  512 

St  Stephen's,  Vienna      446 

St  Peter's,  Rome 435 

Salisbury 404 

St  Pauls 365 

Sofne  of  these  Brobdingnagian  emporiums  contain,  during  the  busy 
hom»  ten  thousand  people.  Their  entry  and  exit  together  with  their 
uaerconimmiirations  is  a  great  problem  of  lifts  and  staircases.  It  is 
jatomihing  bow  well  it  is  done.  The  lifts  arc  wonderfully  rapid  and 
k,*  and  I  was  transported  to  my  seventeenth  floor  in  Hotel 
*  Tbcrc  are  nine  in  the  Hotel  Bclmoat. 
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Belmont  in  30  seconds,  quicker  than  we  ascend  from  the  entrance 
hall  to  this  theatre — only  one  stage. 

The  fear  of  fire  in  these  great  buildings,  or  "  skyscrapers,"  is  soon 
dissipated,  though  since  I  returned  home  a  building  which  I  visited 
has  had  an  ugly  experience.  It  is  supposed  to  have  been  incendiarism, 
excited  by  foreign  political  animosity,  but  it  created  no  panic  nor 
involved  loss  of  life,  though  it  caused  much  loss  of  property.  The  new 
"  Singer "  building  has  also  had  a  fire  on  its  fortieth  floor,  but  it  was 
quickly  subdued.  The  rapid  clearance  in  busy  hours  of  such  populous 
hives  in  case  of  panic  is  a  knotty  point,  but  there  seems  no  misgiving 
and  no  want  of  confidence  in  their  stability  and  safety.  Wood  is  now 
made  fireproof.  American  metallurgists  and  engineers  are  agreed 
that  the  proper  use  of  concrete,  cement,  and  paint  is  an  adequate  pre- 
servative against  decay  of  iron.  When  the  old  Chicago  Post  Ofl&ce  was 
taken  down,  after  standing  for  twenty-five  years,  its  wrought-iron  beams 
were  found  to  be  in  perfect  condition.  A  similar  report  was  made  of 
the  Palace  of  Industry  in  Paris,  which  was  built  of  iron  in  1862  and  de- 
molished in  1900.  Iron  was  used  in  the  construction  of  the  obelisks, 
and  there  may  be  seen  to-day,  apparently  as  strong  as  ever,  the  iron 
clamps  which  held  together  the  great  stone  blocks  in  tfie  Parthenon 
at  Athens.  Steel-framed  concrete  buildings  withstood  the  earthquake 
in  San  Francisco.  I  *am,  however,  thankful  that  we  are  not  yet  driven 
to  extend  skywards  in  Westminster. 

There  are  no  bells  in  the  Hotel  Belmont.  All  orders  and  communica- 
tions are  sent  and  received  by  telephone.  There  are  813  telephones  in 
this  hotel,  and  from  your  bedroom  you  not  only  order  your  breakfast 
or  your  tea  by  telephone,  but  you  can  speak  all  over  New  York  and  to 
Chicago.  I  spoke  to  Philadelphia  and  to  Boston  with  perfect  ease. 
On  each  floor  there  is  a  clerk  who  controls  the  telephone  and  attends 
to  all  your  wants.  You  mail  your  letters  in  a  letter  box  near  your  door, 
from  which  they  descend  by  gravity  from  every  floor  to  a  mail  box  in 
the  central  hall,  which  is  cleared  by  the  postman  on  his  regular  rounds. 

A  rapidly  growing  application  of  electrical  power  is  the  system  of 
cleaning  by  vacuum.  It  is  known  there  as  the  Kenney  Vacuum  Sweep- 
ing System.  There  is  no  need  for  brooms  or  mops  or  dusting  brushes. 
A  vacuum  is  produced  electrically  in  the  basement  by  the  ordinary  supply 
currents,  and  permanent  pipes  are  laid  into  every  room  of  the  building, 
to  which  a  brass  connection  is  made  by  a  flexible  hose,  having  at  its 
end  apparently  a  rake  but  without  prongs.  Dust  is  thus  bodily  ex- 
tracted from  carpets,  curtains,  and  even  clothes,  and  drawn  down  to 
a  dust  receiver  in  the  basement,  whence  it  is  collected  and  removed. 
Even  cornices  and  picture  frames  are  cleaned.  It  is  used  by  the 
ordinary  housemaid.  It  is  astonishing  to  see  how  rapidly  the  process 
is  carried  out  and  how  thoroughly  it  does  its  work.  It  is  in  actual 
operation  in  the  Belmont  Hotel,  where  it  keeps  the  place  beautifully 
clean.  It  seems  to  me  excellently  well  designed  for  generating  station 
use,  where  dust  is  so  essentially  matter  in  the  wrong  place,  and  much 
superior  to  the  compressor  system  so  much  in  use  now. 
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Though  New  York  is  a  smokeless  city,  for  they  are  compelled  to 
bom  only  anthracite  coal,  there  is  much  sea  fog,  but  not  the  dismal, 
black,  choky  fog  of  London.  One  great  feature — very  evident  from 
ny  Mty  perch — is  the  multiplicity  of  thin  white  streams  of  steam 
rmanartng  from  every  large  building.  It  is  curious  that  in  New  York 
Isolated  plants  are  apparently  the  rule,  and  the  Central  Power  Scheme 
vhich  has  kept  the  Parliamentary  Bar  over  here  alive  for  several 
iCbsioos,  and  is  likely  to  occupy  the  attention  of  some  of  us  for  another 
one,  15  not  indigenous  to  America.  The  whole  of  the  external  electrical 
supply  of  New  York  is  in  the  hands  of  one  enterprising  company,  who 
do  the  work  as  well  as  it  can  be  done,  and  have  splendid  load#factors  ; 
but  they  have  not  put  down  the  isolated  plants.  This,  of  course,  is  a 
financial  question,  and  not  one  of  inefficient  or  insufficient  supply.  The 
rotated  dynamo  is  offensive  to  the  central  station  man,  but  it  may  t>e 
an  object  of  desire  to  the  user. 

New  York  since  my  last  visit  has  distinctly  advanced  in  artistic 
taste.  The  private  buildings  are  very  fine  and  the  public  ones 
magnificent.  I  know  no  finer  building  in  Europe  than  the  Public 
Library  in  Forty*second  Street,  and  the  parks  with  their  museums, 
the  riverside  drive,  and  the  environs  generally,  are  picturesque  and 
beaatifaL 

The  most  interesting  edifices  to  us  in  New  York  are  the  home 
of  the  United  Engineering  Societies  (the  gift  of  Mr.  Carnegie),  the 
Engineering  Club,  and  the  McGraw  Building.  The  first  houses  all  the 
engineering  institutions  except  the  Civil  Engineers.  It  cost  |2,ooo,ooo 
{£400,000),  and  was  built  within  the  estimate.  The  three  founder 
societies  arc  the  Mechanical  Engineers,  the  Electrical  Engineers,  and 
the  Mining  Engineers,  but  all  engineering  institutions  will  be  welcomed 
a»  tenants.  It  is  a  tall  building  of  thirteen  stories  above  ground,  and 
each  institution  absorbs  one  whole  floor.  The  main  auditorium,  or 
tbcmtre,  seats  one  thousand  people,  and  there  are  two  smaller  meeting- 
rooms  for  papers  and  discussion. 

Adjoining  the  Engineering  Societies*  building  is  the  new  club  house 
of  the  Engineers'  Club.  It  is  another  lofty,  handsome  building  of 
thirteen  floors  at>ove  ground,  overlooking  Bryant  Park  and  the  great 
Fablk:  Library.  It  contains  magnificent  suites  of  offices  and  rooms, 
dob  and  private,  and  numerous  well-equipped  t>edrooms,  together 
with  the  inevitable  bar  and  cafi.  There  are  three  lifts  from  t>asement 
to  roof.  The  tenth  floor  contains  breakfast  and  private  dining-rooms. 
A  stately  banqucting-room  with  accommodation  for  three  hundred  is 
on  the  eleventh  floor.  The  kitchen  and  service-rooms  are  on  the 
twelfth  and  thirteenth  floors.  There  is  a  roof  garden,  where  in  summer 
mcab  and  refreshments  will  be  served. 

In  the  basement  arc  the  barber's  shop,  t>oot-cleaning  room,  offices, 
•toreroom,  cellars,  and  general  conveniences,  and  in  the  sub-basement 
heating,  lighting,  ventilating,  and  refrigerating  plant.  It  was  opened 
tauDediately  after  my  departure  homeward,  but  it  was  finished,  and  I 

i  abk  to  appreciate  its  luxury  and  completeness  as  a  club.    Would 
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that  we  had  such  a  club  in  Westminster  !  Every  American  engineer  is 
quite  proud  of  it,  and  with  reason. 

The  McGraw  Building  is  a  fine  example  of  reinforced  concrete 
work.  I  thoroughly  inspected  it  while  it  was  being  built,  and  now 
(1908)  it  is  occupied.  It  is  in  West  39th  Street.  The  neighbour- 
hood is  becoming  the  great  business  centre  of  New  York.  The 
building  has  eleven  stories,  but  it  is  only  159^  ft.  above  the  basement 
floor.  It  is  the  publishing  office  of  the  Engineering  Record,  Electrical 
World,  Street  Railway  Journal,  and  Chemical  and  Metallurgical  Indus- 
tries.  The  bed  rock  (gneiss)  was  found  close  to  the  surface,  and  the 
excavatidn  required  was  only  20  ft.  deep.  The  concrete  columns  are 
strengthened  with  steel  angles  covered  with  concrete  for  fireproof 
and  preservation  purposes.  They  are  founded  on  the  rock,  as  required 
by  the  Building  Code  of  the  City  of  New  York. 

A  very  artistic  spirit  in  the  establishment  of  these  three  buildings 
was  that  of  Mr.  T.  Comerford  Martin,  who  in  New  York  acted  as  my 
guide,  philosopher,  and  friend. 

Pittsburg. 

The  main  object  of  my  visit  was  the  opening  of  the  Technical 
Schools  of  the  Carnegie  Institute  in  Pittsburg.  There  is  a  remarkable 
difference  between  the  United  Kingdom  and  the  United  States  in  their 
attitude  to  education.  Here  we  expect  the  Government  to  do  every- 
thing, there  they  expect  the  millionaire  to  usurp  the  position  of  the 
Government.  There  is  no  Supreme  Board  of  Education  or  Minister 
of  Education.  Every  State  has  its  own  system,  and  the  work  of 
university  training  and  technical  education  is  thb  result  of  private 
munificence.  Drexel,  Armour,  Rockefeller,  and  Carnegie  have  distri- 
buted their  millions  with  free  hands.  Pittsburg  has  already  received 
from  Mr.  Andrew  Carnegie  $20,000,000  =  ;^4,ooo,ooo,  but  the  manage- 
ment is  in  the  hands  of  a  splendid  board  of  trustees — ^all  Pittsburgers. 

The  Carnegie  Institute  covers  4  acres,  but  other  32  acres  given  by 
the  city  have  been  allotted  to  the  Technical  Schools.  The  main  build- 
ing has  a  fagade  400  ft.  long  and  a  depth  of  600  ft.  The  buildings 
externally  are  severe  and  simple  but  classical,  without  any  effusive 
ornamentation,  while  internally  they  are  more  ornate,  and  when  the 
bright  gilding  tones  down  will  be  very  cfEective.  They  are  roomy 
and  well  designed.  The  music  hall,  where  the  ceremonies  were  held, 
is  acoustically  wonderfully  good  and  quite  handsome.  The  library 
is  well  stocked  and  will  eventually  contain  1,500,000  books.  It  is 
unique  in  this,  that  it  contains  a  children's  library  and  reading-room. 
It  is  also  a  circulating  library.  The  art  galleries  of  pictures  and 
sculptures,  and  the  museums  of  natural  history,  palaeontology,  geology, 
and  mineralogy  are  being  rapidly  filled  with  objects  of  value  and 
interest.  On  April  nth  last  the  fifth  department — technology — ^was 
added,  and  the  whole  place  was  dedicated  to  literature,  science, 
and  art.  The  ceremonies  were  impressive,  the  speaking  admirable, 
and  the  whole  function  most  successful. 
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Th«  building  ol  the  Technical  Schools  were  only  adapted  for 
the  first-year  students,  but  as  the  course  will  be  of  four  years  it  will 
be  another  three  years  before  the  buildings  will  be  complete,  for 
they  are  finished  as  each  year  is  finished.  It  is  intended  to  provide 
for  foar  thousand  students  ;  there  are  now  fifteen  hundred.  Building 
operatioiis  for  all  are  well  in  hand,  but  there  seems  little  chance  of 
finality  where  the  appliances  of  science  are  progressing  with  such 
rapid  strides.  The  slides  which  I  have  the  pleasure  of  exhibiting  will 
give  yoo  a  l>etter  idea  of  the  place  than  any  verl>al  description. 

We  were  first  welcomed  by  the  President  of  the  Institution, 
Mr.  Frew,  and  were  then  received  by  the  Mayor  of  Pittsburg  and  by 
Mr.  and  Mrs.  Carnegie.  We  then  inspected  the  library,  museum,  and 
art  galleries.  After  lunch  the  dedication  ceremony  took  place,  and 
Mr.  Carnegie  gave  an  admirable  address,  with  sparkling  extempore 
flashes  of  wit  and  wisdom. 

This  magnificent  gift  was  presented  by  the  donor  with  the  following 
concluding  words :  "  Take,  then,  people  of  Pittsburg,  this  gift  from  one 
wtw  owes  Pittsburg  much,  who  loves  her  deeply,  and  would  serve  her 
wen." 

I  want  to  chronicle  the  fact  that  I  delivered  an  address  on  "  The 
Connection  between  Science  and  Engineering,"  and  that  I  received  a 
degree  of  LL.D.  from  the  Western  University  of  Pennsylvania,  known 
tocally  as  "  Wup.'*  It  is  the  oldest  university  in  the  U.S.A.,  whose  local 
habitation  will  now  be  the  Carnegie  Institute.  I  am  going  to  deal  with 
the  question  of  technical  education  in  America  in  another  place. 

Pittsburg  is  more  interesting  to  us  as  being  on  the  bituminous  coal- 
fields*  having  natural  gas  fuel,  the  great  manufacturing  centre  of  the 
iron  and  steel,  coal  and  glass  interests,  and  the  home  of  the  Westing- 
bouse  factories.  Pittsburg  was  so  named  to  commemorate  William 
Htt,  Earl  of  Chatham,  the  then  Premier  of  England,  whose  son,  the 
great  William  Pitt,  was  l)om  in  the  same  year— 1759 — that  Pittsburg 
was  founded  by  General  Forbes.  George  Washington  was  an  officer 
on  his  staff.  The  blockhouse  that  was  erected  there  that  year  still 
exists  as  a  relic  of  the  past  The  Allegheny  and  Monongahela  nvers 
unite  there  and  form  the  Ohio,  which  then  joins  the  Mississippi  in 
Cairo  and  flows  to  the  sea  at  New  Orleans.  In  1796  its  population 
was  only  1,400,  it  is  now  over  750,000.    It  is  the  fifth  city  of  the  U.S.A. 

Some  oi  us  were  handsomely  entertained  by  Mr.  Westinghouse,  not 
only  in  his  works  but  in  his  private  house.  His  works  embrace  the 
oklcr  ones  ol  air  brakes  as  well  as  the  more  modem  electrical  industry. 
1  find  that  in  1906  the  production  of 

• 
Electrical  and  aoxiliary  manufactures  was       ...        45,000,000 
Air  brakes     ...        ...        ...        «..        ...        ...        10,000,000 

Undergroand  cable  and  wire       71,000,000 

Railway  switch  and  signals  5,100,000 

Total ti3i,ioo,ooo 

Vou  4L  8 


114 


PREECE!  AMERICA  REVISITED,  1907.      [March,  12th, 


This  was  for  all  Pittsburg,  but  the  greater  portion  was  turned  out  by 
the  Westinghouse  Company. 

Since  my  visit  the  great  financial  crash  took  place,  and  these  works 
suffered  trouble,  but  the  crisis  was  surmounted,  and  I  hope  and  trust 
that  the  Westinghouse  Works  are  in  full  work  again.  Tliey  are  very 
extensive,  admirably  arranged,  controlled,  and  managed.  The  long 
galleries  full  of  busy  bees  are  easily  inspected  from  bridges,  which 
cross  them  at  the  head  of  each  department.  They  are  thoroughly 
well  ventilated  and  well  warmed  in  winter.  The  index  system  of 
records  is  a  pattern  for  every  one,  and  the  drawings  of  any  one  of  two 
or  three  hundred  thousand  orders  executed  are  rapidly  obtained.  The 
works  are  managed  by  the  best  experts  in  America.  They  have  a 
local  technical  society,  and  print  their  valuable  papers,  read  for 
mutual  help  and  record. 

Telegraphy. 

My  report  of  1877  was  almost  exclusively  on  telegraphy. 
The  progress  in  telegraphy  at  each  period  of  my  visits  is  shown  by 
the  following  table  :— 


1877. 

1884. 

1893. 

1907. 

Mileage    of 
wire 

300,000 

433>726 

769,201 

1,321,199 

Offices  open 

11,660 

13,600 

21,078 

24,760 

Messages ... 

28,500,000 

40,000,000 

66,591,856 

148,804,000 

Capital     ... 

^60,500,000 

$80,000,000 

$123,000,000 

§140,000,000 

Income     ... 

— 

— 

$24,978,440 

§32,856,406 

The  chief  result  of  the  first  visit  was  to  establish  sound  reading, 
and  to  introduce  quadruplex  working  in  the  Post  Office  system. 

In  1884  the  only  novelty  was  Delany's  "Multiplex,"  sending  six 
messages  simultaneously  on  one  wire,  which  we  imported  and  intro- 
duced into  the  Post  system. 

The  Western  Union  Telegraph  Company  had  adopted  the  British 
Wheatstone  system,  and  I  saw  circuits  working  very  well  from  New 
York  and  from  Chicago  to  New  Orleans. 

The  active  warlike  competition  of  1877  and  1884  had  ceased  in  1893. 
There  was  no  war  of  rates.  The  only  form  of  rivalry  was  good  service. 
Very  great  improvement  in  construction  was  visible,  and  underground 
work  became  prominent.  In  Great  Britain  we  had  started  in  1837 
with  underground  wires,  and  have  maintained  that  system  on  a  large 
scale  ever  since.  The  Americans,  on  the  contrary,  were  forced  most 
unwillingly  to  place  their  wires  underground  by  fierce  legislative 
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ctnctincnts,  bat  they  have  now  found  that  they  were  wrong  in  oppos- 
ing it  so  strenuously.  Their  cities  were  made  hideous  by  several  rival 
hues  of  poles  streaming  down  their  principal  thoroughfares.  It  was 
much  better  in  1893.  There  was  no  telegraphic  improvement  of  any 
note.  Duplex  and  quadniplex  working  were  in  full  swing.  But  the 
trpewriter  for  received  messages  had  t>ecome  quite  fashionable. 
Operators  provided  themselves  with  machines,  and  the  telegrams  were 
delivered  printed  in  bold  Roman  type — a  great  improvement  on  the 
usual  hasty  scrawL 

There  is  one  condition  of  business  in  the  United  States  that  makes 
telegraphy  there  more  profitable  than  in  the  United  Kingdom.  It  is  the 
existence  in  the  message  supply  of  what  we  should  now  call  a  good 
"message  load-factor."  In  the  United  Kingdom  we  have  but  one 
noiform  Greenwich  time.  Pe6ple  deal  with  their  letters  everywhere 
About  the  same  time.  There  is  a  peak  of  telegrams  in  the  morning, 
and  another,  a  smaller  one,  in  the  afternoon.  But  in  the  great  breadth 
of  the  United  States,  where  there  is  a  difference  of  time  between  New 
York  and  Sam  Francisco  of  3  hours,  the  stream  of  messages  is  virtually 
cootinaoas.  We  may  say  that  the  message  load  factor  in  the  United 
Kingdom  is  2.^  and  in  the  United  States  6.  Their  great  distances  and 
belated  mails  make  telegraphy  more  necessary  and  instantaneous  com- 
nnmiration  of  less  consequence.  The  result  is  that  these  circuits  carry, 
00  the  average,  three  times  as  many  messages  in  a  day's  work  as  we  do. 

In  1907  the  S3rstem  of  Wheatstone  automatic  working  has  t>een 
pcatly  improved  practically  by  Mr.  Barclay,  the  assistant  general 
muager  of  the  Western  Union  Company,  impressing  the  typewriting 
machine  upon  both  the  sending  and  the  receiving  ends.  An  ordinary 
typewriter  typing  a  message  actuates  electrically  a  punching  machine, 
which  punches  a  paper  tape  in  the  ordinary  way.  This  punched  strip 
Knds  dots  and  dashes  into  the  line  in  the  usual  Wheatstone  way,  so 
that  the  conductor  is  transmitting  currents  on  the  Wheatstone  system. 
The  receiving  instrument  is  actuated  by  these  currents,  and  reels  out 
hold  Roman  tjrpe  printed  on  the  usual  received  copy  forms,  which  is 
delivered  to  the  pubUc.  It  does  this  at  the  rate  of  100  words  per 
imnnte.  and  while  I  was  in  New  York  one  circuit  to  Boston  cleared  off 
1,097  messages  in  9  hours.  This  system  has  been  adopted  by  the 
Wetfem  Union  Telegraph  Company  in  preference  to  the  Buckingham 
or  (he  Murray. 

There  were  the  following  Barclay  circuits  at  work  at  New  York : — 
Chicago      ...        ...        ...        ...        ...        ...    6 

Boston       3 

Philadelphia         2 

Buffalo       ...        ...        •••        ...        ...        ...    I 

St  Louis I 

Pittsburg  and  Atlanta  were  at>out  to  be  added. 

Id  this  system  the  operator  does  not  require  to  know  the  Morse 

*  Tbtt  meant  that  tf  the  wliole  day*s  work  were  continually  in  operation  the 
antn|«  wtnild  only  occopjr  two  hoon  of  lh«  twenty^oqr. 
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alphabet  nor  the  manipulation  of  a  key.  She  needs  only  to  be  a  tjrpe- 
writer.  The  instrument  does  the  rest.  It  requires  little  work,  and  it 
solves  the  much  vexed  question  of  skilled  labour.  As  a  matter  of  fact, 
it  aided  materially  to  defeat  the  recent  strike  in  the  Western  Union 
Company  from  August  to  November  last,  for  plenty  of  female  opera- 
tors were  available  to  carry  on  the  work  after  a  very  short  training  in 
an  ordinary  typewriting  establishment.  It  has  reduced  the  cost  of 
working  such  circuits  by  one  half,  and  it  turns  out  perfect  senders  in  a 
fraction  of  the  time  required  to  form  a  skilled  Morse  operator.  The 
system  is  extending  very  fast.  The  Western  Union  Company  is  rapidly 
installing  it  on  all  trunk  lines,  and  if  I  ever  visit  America  again  I  shall 
probably  find  it  the  most  popular  service.  It  is  very  accurate.  On  a 
Chicago  circuit  eight  hundred  messages  were  sent  with  only  two 
repetitions. 

I  also  inspected  the  Rowland  system,  which  is  on  trial  on  the  Postal 
Telegraph  system  between  New  York  and  Boston.  It  is  a  quick 
automatic  printing  system  dependent  on  the  s3mchronous  movement  of 
the  apparatus  at  each  end.  It  works  octoplex— four  operators  at  each 
end  having  in  succession  the  use  of  the  single  wire  for  a  fraction  of  a 
second,  at  rapidly  recurring  intervals  on  Mayer's  system.  It  utilises 
alternating  currents.  I  was  not  so  much  impressed  with  this  system  as 
with  the  Barclay.  It  is  more  complicated  and  dearer  to  work.  It  is 
a  mistake  to  imagine  that  speed  of  working  is  a  great  desideratum  in 
telegraphy.  I  commenced  my  telegraphic  career  in  1852  with  Bain's 
chemical  recording  system,  which  attained  a  speed  of  1,500  words  a 
minute.  The  determining  practical  speed  is  in  the  handling  of  messages 
as  they  come  in.  A  speaker  should  not  speak  at  a  rate  of  more  than 
one  hundred  words  per  minute.  Messages  rarely  pour  in  at  greater 
speed  than  this.  It  is  found  in  practice  that  such  a  speed  keeps  down 
the  work  on  each  circuit,  so  that  it  can  be  manipulated  practically  at 
the  highest  speed  and  the  lowest  cost.  If  the  messages  pour  in  at  a 
greater  pace  than  this  then  another  circuit  is  necessary.  Thus  the 
unit  of  a  telegraphic  system  is  a  message,  and  it  is  the  number  of  mes- 
sages per  hour  and  the  number  of  working  hours  per  day  (the  message 
factor)  that  determine  the  number  of  circuits  per  trunk  line. 

The  growth  of  telegraphy  has  everywhere  been  checked  by  the 
growth  of  telephony,  but  the  expenses  have  not  changed  in  the  same 
direction.  On  the  contrary,  they  have  increased.  The  combined 
companies  in  the  States  have  found  it  necessary  to  revise  and  increase 
their  rates.  The  average  increase  adopted  has  been  only  2  per  cent,  but 
many  anomalies  have  had  to  be  regulated,  and  increments  of  from  30 
to  66  per  cent,  were  made.  It  is  remarkable  how  quietly  this  was 
received.  It  was  a  pure  business  transaction,  and  the  Americans  are 
essentially  business  people.  One  cause  of  the  greater  cost  was,  how- 
ever, the  reduced  working  capacity  of  the  human  operator,  who,  in  my 
first  visit,  averaged  twenty-five  messages  per  hour  ;  now  the  average  is 
only  seventeen.  Hence  the  commercial  value  of  mechanical  systems 
worked  on  the  automatic  principle. 
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Our  old  friend,  Mr.  Delany,  has  designed  an  "  autodot  transmitter/' 
which  reduces  the  difficulty  of  learning  to  work  the  Morse  key.  It  has 
two  levers*  one  for  dots  worked  by  the  thumb  and  one  for  dashes 

rked  by  the  forefinger,  moving  horizontally  with  very  light  pres* 
The  number  of  dots  made  depends  on  the  period  of  pressure. 
Thus  any  one  with  a  musical  ear  can  work  a  Morse  key  without  any 
fatigue  and  with  much  greater  accuracy.  It  is  not  so  dependent  on 
skill,  and  its  use  tends  to  cheapen  operating  charges. 

He  has  introduced  also  an  automatic  S3rstem  in  which  he  has  utilised 
the  static  charge.  His  receiver  is  the  Bain  chemical  recorder.  He  has 
also  introduced  a  secret  system  which  prevents  tapping  or  overhearing. 
The  autodot  key  is  used.  It  is  very  ingenious.  The  impulses  set  up  by 
the  key  are  sifted  or  disintegrated  by  a  relay  at  the  receiving  end» 
wiiich  will  respond  only  to  its  own  tuned  key. 

I  saw  these  two  S3rstems  working  with  great  accuracy. 

••  ^\liat  would  they  say  in  England  "  if  the  Post  Office  ventured  to 
raise  the  rates  ?  They  are  not  very  chary  of  criticism  in  the  press  even 
DOW,  but  the  severity  of  the  remarks  depends  much  on  the  paper  and 
the  party  in  power.  I  read  a  month  ago  the  following  extract  from  a 
Unioaist  paper :  "  In  the  Post  Office  management  of  the  telegraphs 
we  have  a  striking  illustration  of  the  danger  of  permitting  the  State 
to  oootrol  a  great  industrial  undertaking.  When  the  telegraph  com- 
panies were  bought  out  in  1869  it  was  confidently  prophesied  by  the 
Government  of  the  day  that  the  purchase  would  result  in  a  large  annual 
profit,  which  would  suffice  to  pay  o£F  the  whole  purchase-money  in 
twenty-nine  years.  Actually  no  profit  was  made  at  all  after  the  first  two 
years,  and  the  accumulated  losses  since  incurred  by  the  taxpayer  now 
amoont  to  many  millions  sterling.  These  losses  tend  to  grow  greater 
year  by  3rear,  and  the  annual  loss  to-day  is  well  over  a  million  pounds. 
With  this  ugly  fact  before  it  the  nation  would  do  well  to  think  many 
tmcs  before  embarking  on  a  far  more  serious  venture." 

No  reference  whatever  is  made  here  to  the  per  contra.  The 
Press,  with  its  ruinous  rate  of  2d.  per  100  words  cost  at  one  time 
j£6oD^ooo  per  annum.  Messages  are  now  delivered  free.  Nearly  every 
viUage  in  the  country  has  its  telegraph.  Innumerable  offices  are  kept 
open  all  night  The  railway  companies  have  an  immense  free  service 
over  the  whole  Post  Office  system.  There  is  no  capital  account,  and 
all  extensions  and  renewals  are  charged  to  revenue.  The  annual 
income  taken  over  was  ;£6oo,ooo.  It  was  for  the  year  ending  March  31, 
1907,  £4,j6q^y  t  The  annual  loss  on  paper  may  be  one  million  per 
annom,  but  the  al>ove  per  contra  will  wipe  this  out  and  leave  the  most 
magnificent  telegraph  system  in  the  world  the  free  asset  of  the  British 
pablK    an  asset  wtUch  I  once  valued  at  ;^o,ooo,ooo. 

Telephony. 

In  1877  I  witnessed  the  birth  of  the  Bell  telephone.  In  1884  I  saw 
It  developed  into  a  strong  and  rapidly  growing  child.  In  1893  it  was  a 
robost  youth  ;  and  now  in  1907  I  saw  it  a  matured  man,  with  enemies 
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buzzing  around  it  to  filch  from  it  its  good  name  and  its  well-earned 
reward. .  There  are  seven  thousand  opposition  independent  companies 
playing  about.  They  have  secured  many  important  franchises  and  have 
installed  very  many  telephones,  but  I  failed  to  obtain  reliable  statistics 
and  was  not  able  to  visit  one  of  their  exchanges.  The  Anglo-Saxon 
loves  competition,  but  he  has  yet  to  learn  the  lesson  that  reliable 
telephone  working  is  essentially  the  function  of  one  single  uniform 
system  under  some  controlling  power,  whether  commercial,  municipal, 
or  Governmental.  The  Post  Office  is  an  illustration  of  the  advantage 
of  this  single  authority  as  regards  letters  and  newspapers,  and  when  the 
telephones  of  the  United  Kingdom  are  entirely  in  the  control  of  the 
Government,  as  they  will  be  in  191 1,  then  we  shall  have  an  ideal 
system  controlled  by  the  public,  when  the  public  grasps  the  concep- 
tion that  it  is  itself  a  part  and  parcel  of  the  system,  doing  half  the 
work  and  amenable  to  the  same  rules  and  regulations.  Now  it  loses  its 
temper,  writes  to  the  press,  and  causes  irritation  in  the  other  half  of 


Table  I. 
Growth  of  Telephones. 


1884. 

1893. 

.907. 

Miles  of  wire  ... 

ii5i255 

4401793 

7,468,905 

Telephones     ... 

162,787 

552,720 

3,553i4i8 

Subscribers     ... 

123,625 

232,140 

2,741.367 

Exchanges 

1,325 

ii35i 

4,889 

Table  II. 

Telephones  in  Service,  Jantmry  i,  1907,  in  American  and  European 
Cities  having  over  1,000,000  Population, 


PopulatioQ. 

Telephones. 

Telephones  per 
100  Popubition. 

London 

6,580,616 

130,101*^= 

1 

1-98        : 

New  York      ... 

3,437,202 

279,047 

8-12                 1 

Paris 

2,660,559 

62,370! 

2*34            ' 

Berlin 

1,888,848 

83,824! 

4*43 

Chicago 

1,698,575 

126,436 

7*44 

1-64            1 

Vienna 

1,674,957 

27,541  + 

Philadelphia  ... 

1,293,697 

95,914 

7-41 

*  Includes  Post  Office  system. 

f  Estimated.    Based  on  same  percentage  of  gain  as  was  attained  in  1905. 
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the  hoainess,  with  the  result  that  the  work  done  suffers.    Knowledge, 
forbearance,  and  mutual  assistance  are  more  essential  in  telephone 

rkinf;  than  in  any  other  social  function  we  exercise. 

Tabic  L  speaks  for  itself.     It  shows  the  gigantic  growth  of  the  Bell 


'32  •'36     W)    04   ^ 
Year. 
Diagram  i. 

tdepbooe  system  in  the  United  States.  It  does  not  include  Canada  or 
the  work  of  the  Independent  Companies. 

Tabic  II.  gives  an  interesting  comparison  of  big  cities  in  Europe 
and  America* 

Diagram  i  shows  the  growth  in  subscribers  stations  up  to 
Jaonary  i.  1907. 
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The  type  of  instrument  used  has  practically  not  changed.  Trans- 
mitter and  receiver,  whether  made  in  America  or  Europe,  are  very 
much  the  same  in  type  and  efficiency.  The  telephone  receiver  sprang 
almost  perfect  from  the  brain  of  Bell,  but  the  transmitter  has  been 
modified  by  Edison,  Hughes,  and  many  others,  and  is  found  in  various 
types  not  materially  departing  in  efficiency  or  form  from  that  used 
in  1893. 

The  metallic  circuit,  which  was  only  partially  in  use  in  189J,  is  now 
universally  employed  over  the  whole  Bell  system. 

Here  we  divide  our  circuits  into  local,  junction,  and  trunk,  additional 
telephones  in  the  same  building  being  called  "  extensions." 

In  America  the  local  term  remains  the  same,  the  junction  is  called 
"trunk,"  and  our  trunk  is  called  a  "toll"  or  "long-distance"  line.  The 
switchboards  have  not  materially  altered.  The  predominant  feature 
remains  the  multiple  board.  The  divided  board  which  I  described  in 
1893  has  not  taken  root  But  the  rapid  growth  of  the  system  in  large 
cities  has  raised  the  question  of  the  practical  economic  limit  to  the  size 
of  the  multiple  board.  No  board  has  yet  been  made  in  America 
to  exceed  ten  thousand  "jacks"  for  one  multiple  section.  Wc  have, 
however,  to  provide  for  a  greater  number  than  ten  thousand  in  London 
as  well  as  in  New  York. 

It  is  found  in  modern  practice  that  each  operator  answers  on  the 
average  one  hundred  circuits,  and  during  busy  periods  it  is  possible  to 
place  three  operators  at  each  section.  I  have  seen  four,  but  this  is  excep- 
tional. Thus  a  ten  thousand  switchboard  would  require  one  hundred 
operators  distributed  over  thirty-three  sections  when  working  at  full 
pressure,  but  this  is  a  very  rare  occurrence.  It  is  much  more  common 
to  see  only  two  operators,  or  even  one  per  section,  and  in  light  hours 
one  operator  can  manage  several  sections,  for  the  number  varies  very 
much  with  the  hour  of  the  day.  The  number  of  calls  at  one  section 
which  can  be  dealt  with  directly  without  the  assistance  of  some  other 
exchange  is  comparatively  small,  and  the  cost  of  a  complete  multiple 
board  is  so  great  (about  ;£  1,000  per  section)  that  it  has  been  found 
possible  to  work  with  partially  fitted  sections  by  treating  all  calls  as 
"  trunk"  calls.  Thus  in  addition  to  "  trunks "  and  "  junctions"  involv- 
ing other  distant  exchanges  we  have  to  consider  "  transfers "  in  the 
same  exchange,  and  therefore  a  separate  and  distinct  "connection 
board"  in  another  or  even  the  same  room.  It  is  thus  practical  to 
contemplate  exchanges  of  50,000  subscribers. 

In  New  York  Mr.  Carty  has  introduced  what  he  calls  a  "  Partial 
Multiple  Board,"  and  in  London  Sir  John  Gavey  introduced  a  similar 
board.  The  outgoing  calls  are  largely  in  excess  of  the  local  calls,  so 
that  the  use  of  complete  multiples  is  not  economical.  There  is  only  one 
complete  multiple  section  on  the  main  board  in  New  York  called  "  B," 
which  has  also  all  the  incoming  transfers  and  junctions.  The  incoming 
subscribers'  "answering  jacks"  are  distributed  partially  but  methodically 
and  consecutively  over  the  other  "A"  sections,  all  of  which  are  connected 
together  by  "  transfers."    The  subscribers'  sections  consequently  liave 
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the  ODt agoing  ''jacks'*  multipled  upon  them,  and  the  junction  or  con- 
necting boards  wherever  they  may  be  have  the  subscribers'  "jacks"  mul- 
tipled. Local  calls  outside  those  immediately  allotted  to  an  operator  are 
dealt  with  t>y  connecting  lines  between  the  sections  on  the  main  board. 

The  call  is  made  automatically  by  the  subscriber  when  lifting  his 
receiver.  The  section  operator  who  sees  it  inserts  an  answering  peg  in 
this  "  jack  **  and  asks,  "  Number,  please."  When  obtained  she  connects  it 
directly  with  the  number  if  on  her  section,  or  to  the  proper  transfer  if 
on  some  other  section,  passing  on  the  number  to  the  other  operator  who 
completes  the  transaction.  The  automatic  visual  signal  system  makes 
this  possible  and  pr^tical. 

I  mentioned  the  fact  that  in  the  Belmont  Hotel  in  New  York  there 
arc  813  stations  and  that  each  bedroom  is  a  station.  There  is  a  local 
switchboard  in  the  clerk's  room  on  each  floor  and  a  central  one  in  the 
main  balL  This  central  switchboard  is  connected  by  forty  junctions 
with  the  Telephone  Company's  central  suburban  exchange,  and  from 
each  bedroom  command  is  obtained  of  the  whole  telephonic  system — 
New  York  local,  suburban,  and  long-distance.  Greater  New  York  has 
a  population  of  4,550,000. 

It  is  very  gratifying  to  find  that  the  automatic  visual  signal,  which 
has  expelled  the  magneto  and  tlie  ring-off,  has  become  universal.  It 
was  my  invention,  introduced  in  the  Post  Office  in  its  first  exchange  in 
Newcastle  in  1880,  and  used  in  every  exchange  erected  subsequently  in 
its  ^rslem.  I  am  sorry  to  say  that,  not  having  secured  this  invention  by 
patent  in  this  country,  I  have  failed  to  secure  the  credit  of  being  its 
aothor,  although  my  paper  of  1893  and  published  books  fully  record 
the  principle.  It  was  introduced  by  the  American  Bell  Company 
with  the  central  battery  system  using  glow  lamps  instead  of  needles 
withoot  any  acknowledgment  It  is  true  that  they  used  different 
means,  but  the  principle  is  that  introduced  in  the  Post  Office  system. 

It  is  astonishing  how  the  necessity  for  special  buildings  and  the  use 
d  electric  power  has  increased.  A  ten  thousand  multiple  board  with 
central  battery  and  glow-lamp  signals  requires  500  amperes  on  the 
average  and  2,000  amperes  on  emergencies.  The  telephone  exchange 
thos  l>eooaies  a  power  house  of  considerable  capacity. 

I  was  not  able  to  inspect  an  automatic  switch  board.  There  was  not 
one  at  work  near  New  York.  I  do  not  believe  in  automatic  switches  ex- 
cept for  small  private  txanch  or  local  exchanges.  They  assume  the  lines 
always  to  be  in  working  order  and  the  called  subscriber  always  at  his 
poit !  They  are  really  more  costly  to  work  than  manual  boards,  for 
they  want  to  much  highly  paid  technical  attention.  They  are  certainly 
less  reliable.  The  failures  of  an  automatic  switch  in  Connecticut 
were  found  lo  be  fourfold  of  a  manual  one,  and  there  was  no  prac- 
tical difference  in  speed  of  connection,  which,  by  the  bye,  I  found 
to  be  on  the  average  ao  seconds.  However  perfect  they  may  t>e, 
they  do  not  liispense  with  the  presence  of  operators,  and  I  failed  to 
ohtcrvc  in  all  the  reports  that  I  read  of  the  meetings  of  the  independent 
onmpjnirt  any  mention  of  the  automatic  switch.    Human  intelligence 
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is  essential  for  junction  and  trunk  working  as  well  as  for  intcr-office 
work,  and  this  embraces  more  than  half  the  average  talks  of  a  subscriber. 
Automatic  switches  have  been  coincident  with  telephony.  They  were 
tried  and  abandoned  in  Sweden  long  ago. 

A  vexed  question  here  is  the  rate  question,  but  in  America  it  is 
settled  in  favour  of  the  measured  rate.  This  system  was  started  in  Buffalo, 
and  was  described  by  me  in  my  paper  of  1884.  Every  time  the  sub- 
scriber used  his  telephone  he  paid  6  cents  per  message  up  to  five  hundred, 
then  5  cents  up  to  one  thousand,  and  4  cents  for  all  over  one  thousand. 

The  business  unit  is  a  talk  of  3  minutes,  but  the  practical  unit  of 
management  is  the  number  of  talks  per  circuit  per  hour.  This  determines 
the  number  of  circuits  distributed  to  each  operator,  and  is  the  factor 
that  regulates  the  working  expenses,  and  therefore  forms  the  basis  of 
the  rate  charged  for  each  3-minute  talk,  or  toll,  as  it  is  called.  If 
we  dealt  with  local  calls  only  the  selection  of  a  rate  would  be  simple, 
but  as  the  largest  proportion  of  the  calls  are  transferred  by  junctions 
and  trunks  elsewhere,  much  more  capital  is  involved,  many  more 
operators  invoked,  and  the  determination  of  a  remunerative  rate 
becomes  a  difficult  problem  to  solve. 

The  flat  rate — a  simple  annual  rental — is  fallacious.  It  assumes 
equality  of  use  all  the  year  round  by  every  one.  The  busy  broker  pays 
the  same  as  the  lazy  lodger.  It  is  an  unfair  mode  of  charging,  and 
unjust,  for  the  man  who  is  always  replying  to  calls  pays  the  same  as  each 
one  who  originates  the  call.  It  also  induces  unnecessary  talks,  and  there- 
fore wastes  both  capital  and  labour — a  heinous  economical  offence.  It 
impedes  expansion,  for  necessarily  the  flat  rate  must  be  high  for  the 
small  user.  It  retards  efficiency,  for  it  tends  to  occupy  the  circuits 
with  frivolous  calls  when  they  are  really  wanted  for  important  calls. 
It  is  bad  finance,  for  it  does  not  exact  payment  by  result,  and  it  makes 
the  small  user  pay  for  the  work  done  by  the  great  user. 

Hence  every  one  in  the  United  States  of  America  has  come  round 
to  the  conclusion  that  the  toll  rate  is  simple,  fair,  and  just.  It  has  been 
adopted  by  our  Post  Office,  and  it  is  being  assailed  in  the  way  all 
novelties,  especially  if  proposed  by  a  Government  Department,  are 
assailed  in  this  party  distressed  country.  It  involves  the  use  of  meters 
or  counters  to  record  each  talk  by  the  depression  of  a  key  by  the 
operator  who  manipulates  the  switchboard  at  the  exchange.  Every 
user  can  very  easily  check  the  meter  by  depositing  in  a  box  a  counter 
for  each  talk  completed.  A  month  or  two's  experience  will  instil  faith 
in  the  accuracy  of  the  meten 

The  average  number  of  talks  per  day  per  circuit  in  America  is  six, 
but  it  is  easy  to  get  twelve  talks  per  hour  per  circuit,  and  if  the  daily 
load-factor  is  three,'*'*  then  there  would  be  thirty-six  talks  per  day. 
Now,  on  the  average  there  are  as  many  calls  one  way  as  the  other,  and 
therefore  each  subscriber  pays  for  half  the  talks,  say  eighteen  per  day 
for  three  hundred  days  in  the  year.    This  means  at   id.  per  talk 

*  By  day-load-factor  I  mean  the  number  of  hours  the  line  would  be  occupied  if  it 
were  in  continuous  use. 
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£22  JOS,  per  smnum.    This  is  taking  three  times  the  average  of  the  busy 
American  who  uses  the  telephone  certainly  more  than  the  Englishman. 

Large  users  are  now  getting  their  service  done  for  less  than  cost 
Pncc  Indeed,  it  is  done  at  the  expense  of  the  small  users.  Is 
that  just? 

At  BnfiEalo  now  a  sliding  mode  of  charging  by  results  is  adopted ; 
everybody  pays  for  each  oral  message  he  sends.  Every  time  he  uses  the 
idcphooe  he  pays  either  4,  5,  or  6  cents,  according  to  the  number  for 
which  he  guarantees— 6  cents  for  each  message  under  five  hundred, 
then  5  cents  up  to  one  thousand  messages,  and  4  cents  above  one 
tboasand. 

Since  1900  the  construction  of  circuits  has  been  revolutionised. 
Lead-covered  paper  cables  are  made  carrying  600  circuits.  Even 
pole  lines  carry  600  pairs  of  wires  instead  of  4a  This  is  due  to  the 
empkiyinent  of  aerial  cables.  Load  lines  on  Pupin's  method  have 
increased  the  capacity  of  underground  work.  There  is  now  a  good 
working  S3r5tem  of  circuits  from  New  York  to  Philadelphia,  which 
are  nearly  100  miles  apart  Underground  work  improves  the  service 
and  rcdoces  the  cost  of  maintenance.  The  work  has  become  much 
more  solid  and  permanent,  thanks  much  to  Mr.  J.  J.  Carty. 

The  telephone  is  not  used  as  much  in  America  for  telegrams  as  it  is 
in  the  United  Kingdom.  Here  it  is  a  very  great  convenience.  Being 
virtually  already  a  branch  of  the  Post  Ofi&ce,  subscribers  can  get  a 
telegraph  office  at  all  hours  of  the  day,  and  they  can  send  and  receive 
all  their  messages  without  any  loss  of  time.  They  need  not  even  write 
them  down ;  they  can  answer  at  once.  Monthly  statements  are  sent 
by  the  Telephone  Company  of  the  number  and  cost,  and  payment  is 
made*  as  a  role,  at  once.     It  works  remarkably  welL 

I  was  interested  to  see  portable  telephones  in  use  in  restaurants. 
There  are  plugs  in  the  walls  like  those  we  insert  for  portable  electric 
bmpe^  and  when  at  lunch  or  dinner  you  want  to  speak  to  any  one  in 
New  York,  a  portable  telephone  is  placed  by  your  plate,  and  you  can 
cat,  drink,  and  converse  at  the  same  time  with  your  wife  at  home  or 
your  partner  in  3rour  office.  I  saw  a  great  deal  of  this  done.  These 
portable  telephones  are  much  used  for  sick-rooms,  as,  indeed,  they  are 
with  OS. 

The  Telharmoniubi. 

Dr.  Cahill's  new  apparatus  is  a  synthetical  method  of  build*  ng  up  all 
that  makes  for  pure  and  emotional  music.  It  is  a  practical  mode  of 
demonstrating  the  absolute  accuracy  of  Helmholtz's  theory  of  the 
qoabty  of  sound.  It  is  a  mechanical,  physical,  electrical,  and  telephonic 
mode  di  making  and  distributing  music  over  a  wide  area. 

The  keyt>oard  is  like  that  of  a  piano  or  organ,  but  each  key  is  a 
limpie  switch  which  completes  an  electric  circuit.  A  low-voltage 
cootiniioas  current  operates  a  relay  bringing  into  action  a  fundamental 
note  and  certain  selected  partials  compounded  of  alternating  currents 
otf  variable  frequency. 

The  action  of  the  relay  is  mechanical    It  lifts  a  balanced  strip  of 
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Wood  along  which  are  fixed  contact  pieces  which  set  up  the  funda- 
mental note  and  its  required  partials.  The  keys  respond  promptly. 
Indeed,  the  action  is  virtually  instantaneous.  You  see  sparks  and 
flashes  following  the  movements  of  the  sliding  bars,  and  you  hear 
clicks  but  no  music.  The  energy  is  entirely  in  the  electrical  form.  It 
is  not  heard  until  the  very  last  operation  is  performed  upon  an  iron 
disc  at  a  distance.  The  manipulation  of  the  keyboard  and  the  use  of 
pedals  and  stops  set  up  electric  waves  which  are  the  exact  counterparts 
of  the  sonorous  aerial  vibrations  it  is  desired  to  excite.  These  waves 
are  transmitted  through  insulated  wires  buried  in  the  streets  all  over 
a  certain  district  in  New  York.  The  player  controls  everything,  and 
discourses  sweet  music  of  a  character  hitherto  undreamt  of.  He, 
by  depressing  a  key,  selects  automatically  the  fundamental  note  and 
its  required  partials — in  other  words,  he  forms  the  waves,  regulates 
their  duration,  modulation,  loudness,  and  feeling.  These  waves  are 
distributed  in  their  resultant  form,  and,  exciting  a  Bell  telephone 
receiver,  set  up  sonorous  vibrations  which  distribute  to  all  listeners 
refined  and  beautiful  music. 

There  are  144  inductor  alternators  in  the  New  York  machine.  A 
long  shaft  rotates  with  uniform  velocity.  It  has  mounted  on  it  144 
toothed  rims  which  correspond  with  each  fundamental  note  it  is  desired 
to  transmit.  The  rotation  is  produced  by  a  continuous-current  motor  of 
185  H. P.  The  pitch  is  the  frequency,  the  quality  or  timbre  is  the  form 
of  the  wave,  modulation  of  loudness  is  obtained  by  varying  the  strength 
of  the  currents,  expression  by  the  use  of  stops  which  mix  the  tones. 

The  effect  is  quite  wonderful.  The  tones  of  a  piano,  violin,  violon- 
cello, harp,  trumpet,  clarionet,  flute,  and  all  kinds  of  music  separate  or 
in  orchestral  form  are  manufactured  in  electric  currents  of  var3ring 
frequency,  amplitude,  and  duration,  and  the  result  is  a  new  music.  It 
requires  great  skill  to  perform,  but  the  purity  of  the  notes  and  the 
quality  of  the  music  emitted  is  superb.  The  receiver  that  produces 
the  music  is  a  large  Bell  receiver,  and  the  effect  excites  one's  wonder  at 
the  marvellous  property  of  the  little  iron  diaphragm  of  reproducing 
the  innumerable  sonorous  vibrations  of  the  human  voice  or  of  the 
well-equipped  orchestra  of  the  Opera  House. 

This  is  the  marvel  of  the  telephone.  I  never  use  a  telephone 
without  thinking  of  how  little  we  know  of  the  molecular  disturbance 
of  a  conductor  which  conveys  those  currents  that  distinguish  the 
voices  of  our  friends  and  relations  separated  by  great  distances,  and 
that  produced  the  "  concord  of  sweet  sounds  "  that  excited  my  admira- 
tion in  New  York.  Even  the  flame  of  an  arc  lamp  by  this  means  emits 
music. 

The  inventor  of  this  new  music  is  Dr.  Thaddeus  Cahill,  and  his 
original  plant  was  fixed  at  his  home,  Holyoke,  Mass. ;  but  I  am  not 
much  impressed  with  its  commercial  value,  for  the  time,  labour,  and 
money  expended  on  the  plant  is  very  great  and  the  performers  to 
manipulate  it  must  be  very  highly  skilled.  I  cannot  hear  of  its  making 
any  progress. 
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Electric  Lighting. 

In  1884  the  electric  light  was  so  little  advanced  that  I  had  to  refer 
only  to  the  objectionable  practice  of  street  arc  lighting  by  means  of 
overhead  wires  excited  by  dangerous  high-tension  currents.  As  a 
matter  of  fact,  we  were  almost  as  well  advanced  in  the  United 
lungdoni,  for  the  first  generating  electric  light  station  in  the  world 
had  been  at  work  at  Holborn  Viaduct  since  January,  1882.  The  City 
Temple  was  the  first  place  of  worship  and  St  Martin's  le  Grand  the 
first  post  office  to  be  illuminated  electrically.  It  was,  however,  very 
different  in  1893.  Public  street  lighting  had  been  adopted  by  prac- 
tically all  towns  and  villages  in  all  parts  of  the  United  States.  Arcs 
were  being  used  very  much  for  shop  lighting  and  for  advertising. 
Internal  glow-lamp  lighting  was  very  general.  Isolated  plants  were, 
however,  the  fashion. 

Table  III.  gives  the  position  of  affairs  in  New  York  when  I  was 
there  last  year.  It  speaks  for  itself  and  shows  the  immense  progress 
made.     In  Table  IV.  we  show  London. 

The  city  of  New  York  is  made  up  of  five  boroughs  : — 


Manhattan       ... 

Bronx   

Brooklyn 

Population,  190a 
...      1,850,093 
...         200,507 
...      1,166,582 

Area  in  Square  UUea. 
22 

39 
66 

Queen's 
Richmond 

...         153.000 
67,021 

124 
37 

3437,203 

308 

Table  IIU 
Tk€  New  York  Edison  Company, — Total  Installation,  April,  1907. 


toaMTL 

l*-*-—        Glow- 
««*«       Lampa. 

I 

Arc 
LaiDpa. 

HeaUng 
AppW- 
anoct. 

BaUcries. 

H.P. 
Moton. 

i<Hap. 

Equiva- 
lents. 

«  ! 

M.035 

- 

XM.195 

33,60a 

1.898 

4S6 

3«4 

739 

SI 

5 

4.^96 
IS 

I 

«44.7SO 

550 
10 

4.93l.Sa9 
SOkOja 

&09t 

^-^-1 

S7.«6 

7*,W 

«.69M9l    1 

36^170    1        795 

4Jl» 

»47.76a 

S1S5J41 

*  Qty  of  New  York. 

The  New  York  Ediaon  Company,  so  ably  managed  by  Mr.  J.  W. 
Licb,  joa^  has  virtually  the  monopoly  of  electric  supply  in  Manhattan — 
a  \otig  island,  densely  populated^  I3i  miles  long,  and  about  i)  miles 

wide. 
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Table  IV* 
London  Electricity  Supply, 


Plant 
InstaUed. 

Maximum 
Load. 

8-C.P.  Lamps 
Connected. 

Units  Sold. 

Borough  Councils 
Companies 

Kilowatts. 

54ii97 

141,055 

Kilowatts. 

34,9" 

88,338 

2,328,253 
5.953,982 

51,179,778 
127,063,504 

Total      ... 

195,252 

123,249 

8,282,235 

178,243,282 

It  distributes  energy  on  the  3- wire  continuous-current  system  at 
240  and  120  volts. 

It  has  four  generating  stations — 

Duane  Street, 
East  I2th  Street, 
West  26th  Street, 
140th  Street,  Bronx, 

supplying  direct  to  their  immediate  neighbourhoods  and  one  great 
modern  Waterside  station,  generating  high-pressure  3-phase  alternat- 
ing currents  at  6,600  volts  transformed  down  to  240-120-volt  continuous 
currents  at  fifteen  sub-stations. 

I  made  a  careful  inspection  of  this  great  waterside  station  which 
many  of  you  saw  in  its  incipient  stage.  Now  it  is  a  standard  American 
generating  station  of  great  size.  It  has  been  duplicated  already.  There 
are  two  separate  and  independent  stations  alongside  each  other.  It  is 
fitted  right  up-to-date  with  every  approved  apparatus  and  process. 
I  was  much  impressed  by  the  action  of  a  controlling  officer  in  the 
inspection  gallery,  who  has  command  not  only  of  the  whole  combined 
station  but  of  all  the  outgoing  mains  and  the  other  generating  stations, 
and  who  can  so  distribute  the  outgoing  load  that  the  pressure  can  be 
maintained  very  constant  on  each  feeder  and  the  load  well  distributed 
to  the  different  sub-stations. 

The  two  stations  combined  handle  150,000  k.w.  The  old  station 
(1902)  has  only  a  few  turbines  of  small  units,  but  the  new  station 
(1907)  will  be  completely  equipped  with  8,ooo-k.w.  turbo-generators, 
the  present  favourite  unit. 

While  I  was  at  New  York  (April  20,  1907)  the  elasticity  of  this 
system  was  severely  tested.  A  5,000-k.w.  turbo-generator  broke  down, 
and  a  4,000-k.w.  reciprocating  plant  failed  at  the  same  time.  The  two 
stations  were  working  in  parallel.  The  pressure  dropped  perceptibly 
for  some  minutes  in  the  upper  part  of  the  town,  but  it  was  not  affected 
in  the  lower  part,  and  the  system  was  soon  restored  to  its  normal 
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ooodition.  It  was  a  grand  test  of  the  flexibility  and  reliability  of  the 
New  York  Edison  system. 

I  give  a  diagram  below  showing  a  maximum  load  on  a  winter's  day. 

There  is  another  allied  company,  called  the  United  Electric  Light 
and  Power  Company,  supplying  2-phase,  6o-po  alternating  currents  at 
7,500  volts,  stepping  down  the  voltage  and  changing  the  frequency  at 
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sob-stations  by  motor-generator  sets  to  the  normal  distributing  voltage. 
Its  generating  station  is  on  the  East  River  at  East  29th  Street,  not  very 
far  from  the  Edison  Company's  waterside  station,  which  it  has  occasion- 
ally helped  to  get  over  sudden  and  high  peaks.  Thus  on  December  14, 
1906,  the  waterside  station  supplied  up  to  86,400  k.w.,  the  four  low- 
tcnswn  steam  stations  up  to  102400  lew.,  the  7,500  volt  supply  up  to 
IX2J0OO  k.w.,  and  the  batteries  up  to  the  top  of  the  peak.  The  water- 
ude  station  is  now  duplicated  and  is  independent  of  external  help. 

The  Curtis  turbo-alternator  is  in  great  fashion  in  America,  prin- 
dpaUy  t>ecaase  it  is  American,  but  being  vertical  it  occupies  smaller 
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space  than  the  Parsons.  The  American  is  very  patriotic.  "  America 
for  the  American  "  is  their  commercial  battle-cry.  They  often  employ 
inferior  processes  simply  because  they  are  American. 

However,  in  this  case  the  vertical  Curtis  turbine  has  justified  its 
selection  for  some  very  accurate  and  careful  tests  of  an  8,ooo-k.w.  engine 
supplied  to  the  Fisk  Street  station,  Chicago,  gave  14,132  k.w.  at  750 
revs,  per  minute  with  a  water-rate  consumption  of  13*13  lbs.  per  kilo- 
watt-hour, which  was  equivalent  to  9*85  lbs.  per  E.H.P.-hour,  the  steam 
pressure  being  194  lbs.,  the  superheat  150°  F.,  and  the  vacuum  29*31  in. 
This  was  on  a  twenty-four  hours'  exhaustive  test  which  was  made  while 
I  was  in  the  United  States  by  Messrs.  Sargent  and  Lundy,  the  well- 
known  consulting  engineers,  of  Chicago. 

The  charges  for  electrical  energy  are  based  on  a  sliding  scale  varying 
with  the  load  factor.    They  are — 

10  cents  per  unit,  including  the  third  and  fourth  hours. 
yi  cents  per  unit,  including  the  fifth  and  sixth  hours. 
5  cents  per  unit  all  hours  in  excess  of  six. 

Contracts  on  agreement  terms  are  entered  into  with  large  consumers 
under  guarantees.  This  gives  the  supplier  a  much  freer  hand  than  the 
legal  restrictions  defined  by  our  unfortunate  Act  of  Parliament  which 
we  cannot  get  reformed. 

I  mentioned  the  New  York  Times*  "  skyscraper  "  as  one  customer 
who  used  electric  energy  for  every  purpose  connected  with  the  daily 
manufacture,  printing,  and  issue  of  a  newspaper. 

In  comparing  the  tari£F  for  light  with  ours  at  home,  it  must  be 
remembered  that  in  America  it  is  a  charge  for  "  light "  and  not  for 
electric  energy  as  with  us.  The  American  companies  not  only  renew 
the  lamps,  but  they  maintain  them  in  thorough  efBciency.  Lamps  are 
removed  when  they  deteriorate  too  much,  and  deterioration  in  time 
is  unfortunately  a  serious  characteristic  of  carbon  lamps.  It  is  not  so 
serious  a  question  with  the  new  metallic  filaments. 

I  visited  the  Electrical  Testing  Laboratory  in  East  8oth  Street,  New 
York,  which  is  under  the  charge  of  Dr.  Clayton  Sharp— an  extremely 
well-equipped  and  well-manned  institution  for  exact  measurement  and 
for  commercial  electrical  testing.  It  is  also  employed  for  research — 
the  basis  of  all  electrical  advance.  It  is  a  business  enterprise 
supported  by  the  electrical  industry.  In  the  year  ending  April  30, 
1905,  thirteen  million  lamps  were  tested,  and  the  efiFect  has  been  to 
improve  the  quality  of  the  lamps  manufactured  in  the  United  States. 
They  are  very  much  superior  to  those  manufactured  in  this  country. 
The  laboratory  is  supported  principally  by  the  manufacturers  them- 
selves. We  hope,  with  the  aid  of  the  Board  of  Trade  and  the 
National  Physical  Laboratory,  to  produce  the  same  results  in  this 
country.  The  Engineering  Standards  Committee  is  about  to  take  up 
an  investigation  of  the  efficiency  of  the  new  metallic  filaments  and  to 
frame  a  specification  and  its  necessary  standards.  The  tantalum  and 
tungsten  lamps  are  making  great  progress  in  both  hemispheres. 
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I  nw  tested  some  tungsten  tamps  for  street  lighting  that  were 
very  promising.  They  had  short,  thick  filaments,  taking  lo  volts  and 
5  amperes,  or  absorbing  50  watts.  Their  candle-power  was  40.  Of 
coarse  they  were  connected  in  series,  and  it  was  proposed  to  excite 
them  100  in  series  with  2,000  volts. 

The  prominent  development  of  the  electric  light  in  America  is  its 
use  for  advertising.  New  York  is  illuminated  with  glaring  sky  signs. 
The  streets  are  one  bla£e  of  light  by  night,  but  the  effect  is  not  artistic. 
It  is,  however,  commercial,  for  it  aids  materially  the  increase  of  the 
kad  factor,  and  it  is  therefore  a  very  profitable  and  welcome  customer 
to  the  purveyors  of  electrical  energy.  The  flame  arc  is  as  popular  there 
as  it  IS  with  us. 

Electric  Railways. 

Electric  railways  were  making  a  good  start  in  America  in  1893. 
They  were  practically  all  on  the  same  pattern — trolley  wires,  con- 
tmootn  currents  of  500  volts,  rail  returns,  supplemented  by  heavy 
copper  rods  buried  in  the  ground.  The  third  rail  system  was  intro- 
duced on  the  intra-mural  line  in  Chicago.  In  the  power  houses 
count ershaf ting  was  the  rule.  The  two  chief  questions  on  their  trial 
were  :  first,  the  use  of  one  motor  and  t>evelled  gearing  per  car,  or  tu*o 
vparate  motors,  one  on  each  wheel  axle  ;  and  second,  the  removal 
ci  the  contact  rail  and  return  to  a  slotted  conduit  underground. 

There  are  now  three  great  railway  systems  working  electrically  in 
Kcw  York  merged  into  one  system,  called  The  Interborough  Rapid 
Transit  Company: — 

1.  The  Metropolitan  Street  Railways. 

2.  The  Elevated  Railways. 

3.  The  Subways. 

The  New  York  Central  and  Hudson  River  Railroad  is  also  equipping 
Its  suburban  and  main  lines  with  electric  traction. 

I.  The  Metropolitan  Street  Railway  means  the  surface  tramway 
srstcm  of  New  York  and  Bronx.  It  extends  northward  33  miles  from  the 
Battery,  and  embraces  about  500  miles  of  single  track.  It  is  impossible 
to  cooceive  a  more  favourable  position  for  such  a  service  than  that  in 
lianhmttan.  The  tramways  pass  through  a  densely  populated  district 
wliere  the  business  is  all  done  at  one  end  and  the  domestic  and  social 
cooditions  are  found  at  the  other.  There  is  a  wave  of  population 
traasported  in  one  direction  in  the  morning  and  in  the  other  direction 
ID  the  evening,  while  a  large  permanent  and  continuous  exchange 
takes  place  during  the  whole  day.  Its  earnings  are  considerable,  but  its 
finances  have  Yteen  strangely  "  pingponged,"  and  disastrous  panic  has 
foQovtd  since  my  visit  The  ser\*ice  in  Manhattan  is  of  the  metallic 
circuit  and  conduit  type,  which  has  been  so  satisfactorily  followed  in 
I^oofdon  by  the  London  County  Council.  That  in  the  northern  section 
t%  trolley  overhead  and  much  is  only  single  track,  for  the  northern 
district  is  but  sparsely  populated. 

Vol.  41.  9 


180  PREECE :  AMERICA  REVISITED,  1907.        [March  12th, 

There  are  over  200  miles  of  conduit  track.  The  pavement  is  asphalt, 
granite  sets,  and  wood  block — the  last  seems  the  most  favoured.  It  is 
very  expensive,  but  the  end  justifies  the  means.  The  conduits  are 
divided  into  isolated  sections  at  approximately  half-mile  distances  apart. 
There  are  two  generating  stations  on  Manhattan,  transmitting  alter- 
nating currents  at  11,000  volts  3-phase  and  25  po  to  sub-stations,  where 
they  are  transformed  down  to  low-tension  continuous  currents  for 
distribution  through  the  conduits  to  the  cars.  The  units  are  3,500  k.w. 
each  reciprocating  engines  directly  connected  to  the  alternators.  The 
load  factor  varies  from  60  to  65  per  cent.  The  service  works  well  and 
the  fares  are  very  moderate. 

2.  The  Elevated  Railways  of  New  York  frequently  carry  1,000,000 
passengers  a  day.  Their  motive  power  was  completely  changed  from 
steam  to  electricity  in  1903.  The  carrying  capacity  was  increased 
33  per  cent.,  and  the  working  costs  were  reduced  from  55  per  cent  to 
45  per  cent,  of  the  gross  receipts. 

The  generating  station  on  East  River  is  equipped  with  3-phase 
alternators  driven  directly  by  reciprocating  engines  at  11,000  volts  and 
25  r<jf  which  is  transmitted  to  sub-stations  by  underground  mains. 
Here  rotary  converters  supply  continuous  currents  at  625  volts  to  the 
third  or  contact  rail,  the  return  being  by  the  track.  It  is  a  very  fine 
station  and  has  four  circular  stacks,  17  ft.  diameter,  and  278  ft.  high. 

The  units  are  8,000  H.P.  with  5,000-k.w.  alternators.  The  net 
output  reaches  700,000  k.w.-hours  per  day.  I  did  not  visit  this  station 
but  I  am  told  that  turbines  have  been  or  are  about  to  be  installed 
there. 

Each  six-car  train  consists  of  four  motor-cars  and  two  trailers. 
Each  motor-car  has  two  motors  of  125  H.P. 

There  is  no  doubt  that  the  change  from  steam  to  electric  traction 
has  been  a  very  great  success,  and  it  has  met  with  universal  ap- 
probation. 

3.  The  Subways.  This  is  an  ideal  metropolitan  underground  electric 
traction  service.  It  extends  from  one  end  of  Manhattan  to  the  other. 
It  has  four  lines,  two  for  local  stopping  traffic  and  two  for  rapid  express 
service.  There  are  48  stations,  23*57  niiles  of  subway  and  elevated 
structure,  and  72*61  miles  of  single  track.  The  subway  is  generally 
built  with  steel  columns  supporting  the  street  such  as  we  can  see  in 
London  under  Kingsway,  and  such  as  was  inaugurated  in  Buda- 
Pesth  in  1898.  Reinforced  concrete  has  also  been  very  much  used.  It 
has  nothing  to  interfere  with  or  impede  its  service  but  its  own  traffic. 
There  is  no  difference  in  fare  between  local  and  express  trains.  It 
works  well,  and  is  from  the  public  point  of  view  a  great  success. 

I  was  taken  over  the  Subway  by  Mr.  Deyo,  the  chief  engineer. 

A  peculiarity  of  the  line  is  that  there  are  short  acceleration  in- 
clines at  each  station  on  both  roads  to  assist  the  necessary  rapid  start 
The  following  condition  in  the  contract  is  noteworthy  :  "  The  railway 
and  its  equipment  constitute  a  great  public  work.  All  parts  of  the 
structure  where  exposed  to  pubhc  sight  shall  be  designed,  constructed, 
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and  maintained  with  a  view  to  the  beauty  of  their  appearance  as  well 
as  to  their  efficiency." 

The  power  house  is  on  the  Hudson  River  at  West  58th  Street. 
Its  capacity  is  100,000  H.P.  There  are  six  sections  each  complete  in 
itself  with  its  own  chimney,  each  serving  twelve  boilers.  The  engines 
are  connected  directly  to  5,000-k.w.  alternators.  The  chimneys  are 
sapported  on  steel  columns,  which  gives  additional  boiler  space.  Thus 
an  the  boilers  are  on  one  floor  level.  Forced  draft  is  used.  The 
turbine,  as  with  us,  is  coming  into  favour  owing  to  its  extreme  flexi- 
bility. There  are  eleven  5,ooo-k.w.  reciprocating  engines  and  alter- 
nators at  25  r>J,  and  four  1,250-k.w.  turbo-generators  at  60  r>J  for 
lighting.  The  distribution  is  by  3-phase  alternating  currents  at  11,000 
Tolts  to  sub-stations,  where  they  are  transformed  down  to  625  volts  and 
converted  by  rotary  converters  into  continuous  currents  for  traction  at 
eight  sntvbtations.  The  current  is  picked  up  on  a  third  rail  and 
returned  on  one  rail  of  the  track.  It  is  curious  that  this  dangerous  live- 
rail  system  instead  of  the  safe  two-rail  system  employed  on  our  Metro- 
politan system  has  been  adopted  in  America. 

The  rolling  stock  does  not  differ  very  much  from  that  introduced  on 
oor  Metropolitan  lines.  The  Subway  cars  seat  fifty-two  persons.  The 
local  stopping  trains  are  made  up  of  five  cars,  three  being  motors  ;  the 
rapid  express  trains  of  eight  cars,  five  being  motors.  The  latter  run  at 
2) -minute  intervals.  The  motor-cars  have  two  200- H.P.  motors  on  one 
track. 

The  Subway  signal  system  on  their  express  line  is  the  electro-pneu- 
matic block  and  interlocking  system,  worked  automatically  without 
signalmen.  It  has  been  partially  introduced  in  London  on  the  Metro- 
politan District  Railu'ay.  It  makes  for  safety  and  reliability,  and  it  tends 
to  isHXcase  the  train  capacity  of  a  railway.  The  removal  of  the  working 
oi  the  mind  of  a  tired  signalman  removes  the  principal  cause  of  accidents 
on  railways.  Stopping  trains  can  be  started  at  one  minute  intervals  on 
the  New  York  subway  line.  The  moving  energy  on  the  switches  and 
mtcrlocking  gear  is  pneumatic  pressure,  the  controlling  power  is  the 
electric  current.  The  circuit  is  completed  mechanically  by  the  passing 
train. 

Ajr  compressors  are  fixed  at  certain  stations  along  the  line,  which 
arc  pumped  up  by  continuous-current  motors  served  by  a  special 
drctiit.  They  automatically  maintain  the  pressure  at  about  60  lbs.  in 
3-in.  pneumatic  tubes.  This  pressure,  switched  on  or  off  automatically 
by  the  pas^ng  trains,  lowers  the  signals  behind.  The  signals  are  both 
%cinaphore  arms  and  colour  signals  illuminated  by  two  glow  lamps 
and  coloured  by  glass  screens  moved  in  front.  On  each  home 
signal-post  there  are  two  semaphore  arms  and  lamps  pbced  in  a 
yrrtical  line,  the  upper  being  the  home  signal  itself  and  the  lower 
a  repeater  of  the  forward  distant  signal.  Thus  the  lower  signal  is 
always  the  repeater  signal  of  that  in  front  of  it.  The  lower  signal 
of  3  (Diagram  3)  is  a  yellow  light  showing  2  to  t>e  at  danger, 
while  4  is  at  green.     The  danger  or  imperative  "stop"  signal  is 
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always  red,  A  yellow  light  on  the  distant  repeater  means  *' caution." 
It  indicates  that  the  distant  signal  is  at  danger,  A  green  light  always 
means  "clear"  or  "proceed."  The  signal  lighting  is  by  a  special 
alternating-current  circuit  independent  of  that  used  for  traction. 
There  is  also  an  emergency  cut-o£F  on  every  station  platform  to  warn 
and  stop  all  passing  trains  if  there  is  danger  or  accident  ahead,  and  a 
"  trainstop  "  if  a  train  attempts  to  pass  a  signal  at  danger.  The  former 
is  a  precaution  against  panic  and  accident.  The  second  track  rail 
is  used  for  these  electric  signal  purposes.  The  block  sections  (Dia- 
gram 3)  have  an  overlap  which  is  the  section — invariably  8oo  ft. — 
between  the  home  signal  and  the  next  distant  signal.  It  is  usual  to 
make  the  absolute  block  section  between  home  signal  and  home  signal, 
but  on  the  Subway  the  passing  train  automatically  clears  the  overlap 
of  8oo  ft.  and  enables  the  following  train  to  come  on  to  the  next 
forward  distant  signals.  Thus  the  driver  of  the  train  always 
knows  the  signals  in  both  the  sections  in  front  of  him.  The  distance* 
between  these  signals  is  8oo  ft.,  and  between  trains  2,400  ft.  There 
is  always  a  clear  block  section  existing  behind  a  train.    It  is  a  perfectly 
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Diagram  3. 

safe  system  where  the  speed  of  the  trains  is  limited  to,  for  the  local, 
15  miles  per  hour,  and  to  30  miles  for  the  express  where  the  overlap  is 
longer,  but  it  very  much  increases  the  number  of  signals  to  be  main- 
tained. On  the  other  hand,  it  dispenses  with  a  great  many  signalmen 
— a  much  dearer  commodity. 

New  York  Central  and  Hudson  River  Railroad. 

This  railway  starts  from  the  Central  Station  and  skirts  the  Hudson 
River,  and  is  the  great  north  artery  from  the  City.  The  main  line  is 
being  equipped  completely  for  electric  traction  to  South  Croton,  a 
distance  of  34  miles  on  the  Hudson  Division,  and  to  White  Plains, 
24  miles  on  the  Harlem  Division.  This  is  called  its  electric  zone.  It 
is  an  interesting  experiment,  for  it  is  the  first  main  line  in  the  country 
that  has  seriously  tackled  main  line  working  in  all  its  branches  by  elec- 
tricity. There  will  be  four  tracks  throughout,  so  as  to  separate  the 
suburban  from  the  through  traffic.  Hence  heavy  electric  locomotives 
became  necessary  for  the  through  coaches  between  New  York  and 
Croton  and  White  Plains. 

The  electric  system  at  the  power  house  is  3-phase  alternate  currents 
of  11,000  volts  and  25  r\j,  which  are  distributed  to  eight  sub-stations, 
where  they  arc  transformed  down  first  to  450  volts,  and  then  acting  on 
rotary  converters  generate  continuous  current  at  660  volts,  which  is 
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supplied  to  the  third  contact  rail.  The  return  is  by  the  track  rails. 
The  live  or  contact  rail  is  very  well  protected  along  its  whole  length 
b%*  a  wooden  sheathing.  It  is  a  bullhead  rail,  70  lbs.  per  yard,  insulated 
with  porcelain  blocks,  and  fixed  outside  the  track.  The  contact  is 
made  on  the  lower  surface  of  the  rails  by  curved  contact  shoes. 

The  New  York  power  house  is  at  Port  Morris,  but  a  second  one  is 
at  Yoakcrs— each  being  on  the  waterside  and  on  the  railway  for  coal 
Mtpply  and  ai>h  removal.  They  are  identical  in  general  design,  and  are 
crossH»nnccted  electrically  for  mutual  help.  Each  will  have  installed 
30;ooo  k.w.,  and  they  have  each  a  space  capacity  for  60,000  H . P.  The  coal 
bunkers  are  built  over  the  boilers,  so  that  the  fuel  descends  by  gravity  to 
the  mechanical  stokers  (Roney's).  Their  capacity  is  3,500  tons.  The 
^■lackb  (two) are  15  ft  6  in.  in  diameter,  and  250  ft.  high.  Curtis  turbines 
arc  installed,  the  unit  size  being  5,000  k.w.  Each  is  to  contain  six 
icts,  connected  directly  to  3-phase  alternators  of  11,000  volts  and  25  r\j. 
The  exciters  are  also  turbo-generators  of  150-k.w.  capacity,  furnishing 
coatmuous  currents  of  125  volts,  and  having  a  battery  of  74  cells  and 
1,200  ampere-hours  capacity  as  a  regulator  and  stand-by.  In  fact,  every 
known  successful  process  of  producing  economical  results  and  securing 
>aie  and  efficient  service  has  been  adopted.  It  is  worth  noting  that 
the  value  of  uniformity,  harmony,  and  standardisation  is  so  much 
appreciated  for  self -help  that  all  the  railway  power  houses  in  the  neigh- 
bourhood of  New  York  adopt  3-phase  alternating  currents  of  11,000 
volts  and  a  frequency  of  25. 

The  chief  novelty  introduced  is  the  separation  of  the  switch  appa- 
ratus in  buildings  separated  from  the  engines  and  boilers  by  a  distance 
o^  40  ft.  This*  is  for  safety,  security  from  fire,  and  better  service  where 
high  tension  and  oil  are  in  use.  Here  also  is  placed  the  battery  and  its 
apparatus. 

In  each  place  there  is  a  load  dispatcher's  office,  where  the  proper 
distribution  of  power  over  the  system  is  regulated  both  during  regular 
work  and  in  case  of  accident  and  trouble.  A  record  board  indicates 
by  visual  bignals  the  apparatus  and  lines  in  and  out  of  service.  There 
»  a  dt!»tinct  telephone  service  interconnecting  power  houses,  sub- 
itatioas  and  train  dispatchers  over  the  whole  electric  zone. 

Each  sub-station  is  equipped  with  a  battery  to  smooth  out  momen- 
tary excessively  heavy  calls  for  current,  and  to  be  prepared  for  momen- 
tary inlcmiption  of  supply  of  energy  from  either  power  house.  There 
is  abio  a  special  gallery  for  lightning  arresters.  There  are  three  rotary 
oooverters  of  either  1,000  k.w.  or  1,500  k.w.  in  the  case  of  the  Grand 
Central  and  Mott  Haven  sub-stations. 

The  locomotives  weigh  95  tons,  and  carry  four  series* wound  motors, 
ooe  on  each  driving  axle,  giving  a  maximum  qf  3,000  H.P.  The  arma- 
tures are  mounted  directly  on  the  axles,  and  the  field  magnets  are 
attached  to  the  locomotive  frame.  They  are  designed  to  accelerate 
At  1*5  ft  per  second,  and  to  drive  a  train  weighing  500  tons  at  60  miles 
aa  boar. 

The  cars  for  suburban  service  arc  of  steel,  and  will  seat  64  persons 
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They  are  fitted  up  on  Sprague's  multiple-unit  system.  The  motor-cars 
have  two  motors  of  200  H.P.  each  on  one  bogie. 

Most  careful  experiments  were  made  by  the  railway  company  at 
Schenectady  upon  an  experimental  line  of  6  miles  to  determine  the 
relative  efficiency  of  steam  and  electric  locomotives.  The  latter  gave 
superior  results.  The  time  required  to  reach  the  speed  of  50  miles  per 
hour  was  in  the  former  203  seconds  and  in  the  latter  127  seconds. 

The  signal  system  is  virtually  the  same  electro-pneumatic  block 
and  inter-locking  system  as  that  on  the  Subway,  but  the  signal-posts 
being  in  the  open  country  are  more  massive  and  striking. 

The  preliminary  tests  all  tend  to  show  that  electrical  traction  will 
be  more  economical  than  steam  traction,  but  we  shall  wait  anxiously 
further  experience  of  real  and  completed  work,  for  our  experience  in 
London  is  not  so  promising  as  regards  costs.  This,  however,  admits 
of  explanation. 

Electrical  traction  makes  for  quick  acceleration,  shorter  intervals 
between  trains,  frequent  stops  for  local  service,  independent  lines  for 
express  service,  the  removal  of  products  of  combustion,  purer  air,  and 
more  general  comfort.  All  these  points  support  the  doctrine  pursued 
in  America  that  competition  is  to  be  checked  by  the  development  of 
suburban  traffic  by  electric  traction. 

The  New  York  Central  Railway  in  1902  decided  to  adopt  the  electric 
system.  They  had  the.  man  to  rely  on  to  carry  it  out  (Mr.  W.  J. 
Wilgus),  and  they  did  it  in  no  half-hearted  way.  They  went  the  **  whole 
hog"  without  hesitation,  and  now  they  are  very  near  completion. 

The  electrical  portion  has  been  in  the  very  competent  hands  of  Mr. 
B.  J.  Arnold,  of  Chicago,  and  Mr.  F.  J.  Sprague.  Mr.  Katte  is  the  resident 
electrical  engineer.    The  contractors  are  the  General  Electric  Company. 

I  am  not  quite  sure  that  they  were  wise  in  adopting  the  continuous- 
current  system,  for  the  alternating  current  has  superior  advantages. 
At  the  same  time  the  weight  of  American  experience  supported 
them.  It  is  quite  certain  that  a  great  mistake  was  made  in  London,  but 
this  was  entirely  due  to  the  importation  of  foreign  influences.  Important 
experiments  with  alternating  currents  are  being  made  in  America  on 
the  New  York,  New  Haven,  and  Hartford  Railways,  and  in  England  on 
the  London  Brighton  and  South  Coast  Railway  and  the  Midland  Rail- 
w»ay,  which  will  infallibly  solve  the  problem.  The  experience  in  Italy 
continues  to  be  most  satisfactory,  and  Germany  is  very  actively  de- 
veloping the  system.  My  own  faith  is  unshaken  in  the  merits  of  the 
alternating  current  for  traction  purposes,  and  my  beUef  that  the 
3-phase,  from  the  purely  electrical  point  of  view,  is  superior  to  the 
single  phase.  At  the  same  time  the  single  phase  has  distinct  mechanical 
advantages,  which  may  give  it  practical  superiority.  We  shall  soon 
have  the  problem  solved. 

Wireless  Telegraphy. 

Wireless  telegraphy  was  scarcely  discussed  at  any  of  our  meetings. 
As  a  business  it  is  frosted  out.     No  one  talked  about  it.     I    spoke, 
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however,  by  long-distance  telephone  with  Mr.  Fessenden,  who  was  at 
Bnut  Rock,  bejrond  Boston,  and  I  was  very  sorry  that  I  could  not 
accept  his  invitation  to  visit  him  on  his  transocean  station  and  see 
some  ci  his  very  practical  experiences. 

Considerable  trouble  arises  from  the  use  of  the  American  Morse 
alphabet  on  the  other  side  of  the  Atlantic.  The  adoption  of  the 
European  code  would  be  a  wise  movement. 

Standardisation. 

I  bad  a  long  interview  with  Mr.  Halsey,  the  editor  of  the  American 
Uackintsi,  on  the  question  of  weights  and  measures,  which  has  been 
oodcr  considerable  discussion  out  there.  The  American  engineers  are 
\-cry  conservative  over  the  retention  of  the  British  inch.  They  fully 
coocor  in  the  acceptance  of  the  metrical  system  for  physical,  chemical, 
cJectrical,  and  generally  for  scientific  purposes,  for  science  is  so  cos- 
mopohtan  that  it  demands  a  universal  language  of  terms  and  units. 
It  is,  however,  different  where  we  deal  with  the  applications  of  science 
in  the  engineering  world  and  when  we  enter  the  workshop.  The 
Angk>-Saxon  workman  is  wedded  to  the  foot  rule.  His  sense  of  touch 
makes  him  appreciate  and  understand  the  thousandth  of  an  inch,  for  it  is 
just  the  difference  between  a  good  and  a  bad  fit.  The  closest  metrical 
analogue  is  the  fortieth  of  a  millimetre,  but  this  is  only  an  approxima- 
tioo.  Neither  the  metre  nor  the  inch  is  a  natural  unit.  The  metre  is 
known  to  be  quite  wrong,  and  the  only  definition  of  the  inch  is  "  three 
barleycorns  in  a  line." 

There  would  be  no  difficulty  in  working  either  in  metres  or  inches 
if  the  latter  were  only  an  aliquot  part  of  the  former,  but  unfortunately 
thctr  relation  is  only  expressible  by  an  interminable  decimal  fraction. 
If  the  metre  were  exactly  forty  inches  all  difficulties  would  cease.  But 
this  can  only  be  done  now  by  changing  the  metre  or  the  inch  or  by  a 
httlc  give  and  take  on  both  sides.  It  is  an  international  question. 
The  proposal  to  make  the  metrical  system  compulsory  seems  scarcely 
within  the  range  of  practical  poHtics  at  present,  for  the  Anglo-Saxon 
race  of  manufacturing  engineers  is  nearly  unanimous  against  it. 

General  Remarks. 

It  is  quite  impossible  to  draw  any  comparison  in  economic  or 
practical  results  between  the  United  Kingdom  and  the  United  States. 
The  climate  in  the  two  countries  is  so  totally  different  that  the 
lethargic  Cockney  on  one  side  of  the  Atlantic  becomes  the  mercurial 
Yankee  on  the  other,  and  vice  vend.  The  accumulation  and  circulation 
of  wealth,  the  value  of  money  and  commodities,  the  activity  of  life,  the 
pressure  of  social  existence,  the  cost  of  living  are  on  different  sides  of 
tbedatnm  line. 

There  is  no  reason  why  there  should  be  any  difference  in  practical 
progress  in  one  country  more  than  in  the  other.    Our  experience  is  the 

c,  our  Uterature  the  same,  and  our  science.    Mutual  intercourse  is 
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easy  and  frequent.  We  are  always  received  there  with  the  warmest 
hospitality,  a  great  characteristic  of  the  American,  and  we  endeavour 
to  reciprocate.  My  visit  was  not  shadowed  by  a  cloud  even  as  small 
as  a  man's  hand.  The  weather  without  was  most  inclement  and 
execrable,  but  it  did  not  a£Fect  the  sunshine  within.  I  was  received 
with  open  arms  everywhere,  and  everything  was  freely  placed  at  my 
disposal.  I  should  like  to  express  my  thanks  to  all,  but  their  number 
was  legion.     It  was  a  thoroughly  enjoyable  and  appreciated  visit. 

The  Institute  honoured  me — their  sole  honorary  member  now— by 
putting  me  in  the  chair  at  their  opening  meeting  in  the  New  Engineer- 
ing Society's  building,  and  I  felt  quite  at  home. 

The  new  magnificent  Cunarders  make  Atlantic  crossings  a  luxury, 
and  there  is  no  more  healthy  inspiring  and  energising  trip  than  a  visit 
to  New  York  in  late  spring  or  early  autumn. 

The  President  :  Gentlemen,  you  will  evidently  agree  with  me  that 
our  hearty  thanks  are  due  to  our  Past-President  for  the  magnificent 
display  of  energy  that  he  has  exhibited  this  evening  in  giving  us  this 
long  and  interesting  account  of  all  that  our  American  friends  are  doing 
in  matters  that  so  much  interest  us. 

The  resolution  was  carried  with  acclamation. 

The  meeting  adjourned  at  9.53  p.m. 
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ARTIFICIAL    LOAD    FOR    TESTING   ELECTRICAL 
GENERATORS. 

By  R.  K.  MORCOM  and  D.  K.  MORRIS,  Members. 

Mecattd  from  Birmingham  Local  Section,  October  31,  1907,  and  read  at 
Birmingham  March  11,  1908.) 

The  question  of  artificial  load  is  one  which  is  often  under  considera- 
tion by  manufacturers  and  electrical  station  engineers,  and  simple 
tboogb  the  problem  is,  there  seems  to  be  little  information  of  a 
practical  nature  to  enable  the  designer  of  such  plant  to  avoid  the 
errors  ci  his  predecessors. 

Of  all  methods  of  obtaining  a  load  for  testing  purposes  probably  the 
water  resistance  has  been  most  used,  and  the  first  portion  of  this  paper 
will  treat  of  the  use  of  water  resistances. 

The  theory  of  the  flow  of  current  through  conducting  masses  and 
lainin;e  can  be  worked  out  mathematically  for  various  ideal  forms,  and 
deductions  of  a  useful  kind  can  be  made  to  apply  to  the  less  ideal  con- 
ditioos  of  practice.  Such  deductions,  however,  require  some  checking 
by  experiment,  as  boundary  conditions  are  apt  to  confuse  calculation. 

The  quality  of  water  to  be  used  is,  of  course,  the  first  consideration. 
It  t&  necessary  to  find  its  specific  conductivity.  A  knowledge  of  the 
chemical  properties  of  the  water  is  a  useful  guide  to  its  conducting 
properties,  as  illustrated  by  the  following  exf>eriment : — 

Steam  from  an  engine  was  condensed  in  a  surface  condenser  by 
means  of  canal  water  of  high  conductivity.  The  specific  resistance 
of  this  pure  condensed  water  was  taken,  canal  water  was  then  added 
by  I  per  cent  at  a  time,  and  a  curve  of  resistance  was  obtained.  The 
resstance  was  found  to  fall  in  a  very  regular  manner^  so  that  with  a 
standard  apparatus  the  presence  of  impurity  in  the  condensed  water 
ODoid  readily  be  detected  and  its  quantity  estimated. 

Where  superheaters  are  in  use  the  impurity  will  probably  t>e  due  to 
leakage  from  the  condenser  tut>es,  and  the  percentage  of  leakage  water 
can  be  immediately  calculated  (see  Fig.  i).  If  superheaters  are  not  in 
mc,  It  is  possible  that  priming  from  the  boilers  will  vitiate  the  results. 

A  great  deal  of  work  has  been  done  by  various  chemists  on  the  con- 
ductivity of  water  containing  mineral  matter  in  solution,  and  some  neat 
practical  applications  and  deductions  have  been  brought  to  the  authors' 
notice  by  Mr.  Pollard  Digby,  who  will  shortly  be  publishing  some 
particulars  of  his  work. 

It  IS  also  necessary  to  know  the  correction  for  temperature.  The 
reM^tance-teropcrature  curve  is  not  a  straight  line  (see  Fig.  3).  For 
practical  purposes  it  is  useful  to  consider  the  correction  as  a  per- 
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centage  reduction  from  the  resistance  at  60*^  F.  for    the    intended 
rise  of  temperature,  say  70°  F. 

The  following  table  gives  some  approximate  characteristic  figures  : — 


Specific  Resistance 

Source. 

Degree 

of 

Hardness. 

Mineral  Matter 
in  Solution. 

at6o«>F. 

Factor 

for  70°  F- 

Rise. 

~D7gT~ 

Per  cra.3 
Ohms. 

Per  ft.3 

(Parts  in  100,000.) 

Ohms. 

Percent. 

Distilled     

— 

600,000 

20,000 

— 

Condensed  from  an  engine 

— 

About  2 

66,000 

2,170 

— 

Birmingham  tap  water   ... 

3*2 

6-2 

13,200 

435 

50 

50  per  cent.  Birmingham 

tap   and  50    per    cent. 

— 

— 

965 

32 

— 

Birmingham  canal 

Birmingham  canal 

52 

143 

435 

14 

50 

Blackburn  water 

/  i7»ooo 

560 

j  Particulars 

Glasgow  water     ,      — 

}  supplied  by 
[Mr.  Digby 

,    17,500 

580 

— 

West  London  water        ...        — 

2,800 

92 



Rugby  water        

1 

— 

V    2,400 

79 

— 

In  1904,  Mr.  J.  P.  Kemp  *  published  results  giving  corrections  for 
samples  heated  by  direct  current  and  alternating  current.  The 
divergence  of  the  results  is  probably  due  to  gradual  solution  of  iron 
in  the  former  case.  This  action  causes  a  fall  of  resistance  beyond  that 
due  to  temperature,  because  the  higher  the  temperature  with  a  given 
current  the  less  the  amount  of  cooling  water  to  dilute  the  iron  solution. 
In  the  same  article  is  given  the  useful  figure  that  for  a  rise  of  tempera- 
ture of  70",  approximately,  5  gallons  of  cooling  water  per  kilowatt-hour 
arc  required.  Where  possible  salt  or  soda  should  not  be  used  to 
increase  the  conductivity,  but  the  plant  should  be  designed  to  use  the 
most  abundant  local  supply. 

Without  any  special  treatment  of  the  problem  of  current  flow  in  the 
water,  it  is  useful  to  make  one  or  two  simple  deductions  from  the 
general  case.  First,  a  very  large  body  of  water  cannot  give  a  high 
resistance  even  when  the  electrodes  are  very  far  apart.  Secondly, 
if  the  tank  be  long  in  proportion  to  its  cross-sectional  dimensions 
the  extent  of  the  electrode  immersion  makes  very  little  difference 
to  the  resistance,  provided  that  the  area  of  the  electrode  is  not  very 
small  compared  with  the  cross-sectional  dimensions  of  the  water. 
If,  however,  the  distance  between  the  plates  be  small  then  their 
area  of  opposition  has  a  great  influence  on  the  resistance. 

In  this  connection  it  should  be  noted  that  proximity  to  the  side  of 
the  tank  has  a  great  e£Fect  with  narrow  plates  in  large  tanks,  as  illus- 
trated by  the  following  experiment  (see  Fig.  3). 

*  EUctrkal  Magazine,  vol.  i.,  p.  86,  1904. 
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The  resistance  in  position  A  is  50  per  cent,  greater  than  in 
position  B.  This  is  due  to  distortion  of  the  lines  of  flow.  Part 
of  the  distortion  is  equivalent  to  shielding  the  back  and  sides  of  the 
plate,  an  effect  illustrated  by  the  following  experiment  (see  Fig.  4) 
Assuming  the  current  with  plates  as  at  A  to  be  equal  to  100,  the 
current  in  case  B  is  equal  to  95,  in  case  C  to  81,  in  case  D  to 
76,  and  in  case  E  to  57  (Fig.  4).  This  effect  gives  one  means  of 
varying  the  load.  The  position  of  the  plates  for  this  experiment  was 
that  marked  B  in  Fig.  3. 
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Fig.  3. — Experiments  showing  Effect  of  Proximity  of  Sides  on  Resistance 
between  two  Narrow  Plates,  J"  wide. 
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Fig.  4. — Experiments  showing  Effect  of  Shielding. 


Another  convenient  method  of  reducing  the  load  from  a  given  tank 
is  by  dropping  diaphragms  between  the  plates.  As  an  example  the 
following  experiment  (see  Fig.  5)  shows  the  effect  in  a  particular  case. 
Current  as  at  A  being  100,  current  as  at  B  is  only  26*5. 

Various  modifications  of  the  baffle  method  will  suggest  themselves 
by  which  the  resistance  of  the  path  may  be  increased  without  upsetting 
the  cooling  arrangements  or  complicating  the  tank,  but  the  possibility 
of  charring  by  excessive  voltage  drop  in  a  short  length  must  be  kept  in 
mind.  The  proximity  of  the  plates  to  the  side  of  the  tank  is  also  a 
factor  in  the  permissible  volt  drop  per  foot  of  water. 
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It  is  focmd  ttuU  where  the  line  of  flow  from  the  electrode  along  the 
tatnk-s«d«  differs  bat  little  in  length  from  the  shortest  line,  the  voltage 
drop  per  foot  should  not  exceed  600  volts,  and  should  be  lower  than 
that  unless  the  walls  are  well  insulated  and  free  from  metal.  This 
point  mast  be  watched  with  high-tension  work,  and  also  in  low-tension 
work  where  plates  that  are  close  together  are  carried  near  the  side  of 
the  tank.  A  further  limiting  condition  indicated  by  experience  is  the 
maximam  permissible  current  density  per  square  inch  of  an  iron  elec- 
trode. It  will  be  found  advisable  not  to  run  at  greater  densities  than 
I  ampere  per  square  inch.  Trouble  from  bubbling  and  rapid  corrosion 
k  Hkely  to  occur  if  this  be  exceeded. 

Very  much  of  the  foregoing  may  appear  so  simple  as  to  be  obvious, 
hot  it  is  the  neglect  of  these  simple  points  that  often  causes  a  great 
waste  at  ingenuity  and  of  money. 

The  dimensions  required  having  been  determined,  the  materials 
most  be  chosen. 

Mention  has  already  t>een  made  of  iron  electrodes  and  wooden 
tanks  in  connection  with  the  experiments,  and  the  reasons  in  their 


Fig.  5. — Experiments  showing  Effect  of  Diaphragm. 


favour  arc  strong  ones.  Wooden  tanks  are  cheap  and  easy  to  obtain  ; 
they  can,  with  proper  precautions,  be  made  durable  and  water-tight, 
and  as  the  sides  can  be  rendered  practically  non-conducting,  there  is 
no  difficulty  in  obtaining  light  loads.  Metal  tanks,  on  the  other  hand, 
are  either  expensive  or  perishable,  and  light  loads  are  hard  to  obtain 
owing  to  the  low  resistance  path  afforded  by  the  walls,  unless  unduly 
Urge  tanks  are  used. 

Cast-iron  electrodes  are  cheap  and  satisfactory,  though  scrap  metal 
of  various  sorts  may  in  certain  cases  be  substituted  for  sake  of  con- 
venience. 

The  success  of  wooden  tanks  depends  largely  on  the  method  of 
con*'tructton  and  the  proper  attention  to  details.  The  following  is  the 
description  of  a  tank  (Fig.  6)  which  has  done  excellent  service  : — 

The  dimensions  are  7  ft.  x  i  ft.  6  in.  x  i  ft.,  and  it  is  used  for 
high-tension  work.  The  sides  and  bottom  are  constructed  of  good 
^kprucc,  tongued  and  grooved ;  all  joints  are  tarred  and  caulked. 
SMles,  ends,  and  lx)ttom  are  made  double  of  ij-in.  timber,  the  two 
byer*  being  built  up  at  right  angles,  as  shown  in  the  sketch.  The 
whole  is  screwed  together  in  such  a  way  that  no  screw  comes  within 
i  in.  ol  the  water,  and  all  timber  is  tarred  all  over. 
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The  water  inlet  is  through  a  canvas  hose  brought  over  at  the  outlet 
end,  and  carried  along  the  bottom  of  the  tank  for  its  full  length. 

The  outlet  is  over  a  sectional  weir  6  in.  from  the  end  of  the  tank, 
and  then  through  a  hole  in  the  bottom  of  the  tank.  One  trouble 
thus  avoided  is  the  charring  of  the  wood,  which  usually  occurs  along 
seams  to  which  water  has  access  :  proper  caulking  prevents  this. 
Also,  any  metal  in  the  wood  to  which  water  has  access  corrodes  and 
causes  charring.  This  is  prevented  by  using  hidden  screws,  a  hose 
pipe  inlet,  and  a  plain  hole  outlet.  The  hose  pipe  inlet  obviates 
troublesome  short  circuits  to  earth,  and  the  weir  also  provides  for 
adjustment  of  water  level.  The  double  sides  prevent  leaking  and 
undue  bulging. 

For  tanks  of  larger  dimensions  iron  stays  may  be  used,  but  these 
should  be  carried  outside  the  tank,  an  obvious  but  often  neglected 
precaution. 

a;n4t  hloeJk  seourMt  ^  i!cmh 


mOp^s 


doeuxis 


"T 


'^^j^yf^.^j^ffM^j^^JvTrrJy^^^^yfh^^!. 


t 


t^. 


*-r-a^ 


W^ 


2^.0^ J>\         ^  8pruc»:to 


Fig.  6. — Construction  of  Wooden  Tank  for  Water-load. 


As  this  tank  is  for  high-voltage  work  it  is  supported  on  insulating 
pedestals.  These  can  conveniently  be  constructed  of  Doulton's 
glazed  earthenware  "  acid  tiles,"  built  about  3  ft.  high,  with  a  rubber 
pad  between  each  horizontal  face  to  prevent  slipping. 

The  water  from  the  outlet  hole  is  carried  to  a  funnel  or  tray  just 
above  the  floor  level.     A  lead-lined  saveall  is  provided. 

The  operator  has  a  wooden  platform  supported  on  earthenware 
blocks,  and  covered  by  a  rubber  mat 

The  electrodes  are  of  iron,  and  are  well  insulated  from  their  sup- 
ports, which  take  the  form  of  stout  wooden  cross-bars  which  can  be 
slid  along  the  tank  top.  The  plates  are  clipped  to  busbars  carried  at 
a  considerable  height,  and  the  connections  are  so  guided  as  to  be  neat 
and  safe.  Such  an  arrangement  can  be  cheaply  made,  and  gives 
satisfaction  up  to  6,000  volts. 

A  low-voltage  tank  construction  can  easily  be  deduced  from  the 
above,  but  probably  the  area  will   have  to  be  obtained  by  using  a 
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munber  of  electrodes  in  paraUel,  in  which  case,  for  variable  loads, 
a  suitably  arranged  switchboard  is  a  great  convenience.  There  are 
many  ways  of  arranging  the  plates  satisfactorily,  but  so  much  depends 
Dpon  the  type  of  testing  for  which  they  are  constructed  that  a  descrip- 
tion of  any  particular  arrangement  will  be  of  but  little  service.  One 
point,  however,  should  not  be  forgotten  with  iron  electrodes,  namely, 
that  if  they  arc  placed  less  than  2  in.  apart  there  is  danger  of  an 
unsteady  load,  and  a  considerable  splutter  from  short-circuiting  by 
nist  flakes  ;  in  fact  3  in.  should  be  aimed  at  as  a  minimum.  Some- 
times for  very  low-voltage  work  the  size  of  the  tank  available  is 
insufficient  A  useful  form  of  load  can  then  be  constructed  from  metal 
strip  snbmerged  in  water. 

Strip  iron  |  in.  wide  x  19  S.W.G.  supplied  in  40  ft.  lengths  and 
doabled  into  zigzag  shape  will  make  very  convenient  units  for  low- 
voltage  loads. 

With  a  current  density  of  about  25,000  amperes  per  square  inch 
(the  unit  being  immersed  in  moderately  high  resishince  water)  an 
average  life  of  100  hours  may  be  expected.  If,  however,  the  cooling 
water  i>  of  relatively  low  resistance,  such  as  canal  or  river  water,  the 
Itfe  i^  very  much  reduced.  In  actual  use  a  unit  of  this  form  has  been 
run  at  a  current  density  in  the  iron  winding  of  52,000  amperes  per 
•iqiurc  inch  in  canal  water  of  a  specific  resistance  of  440  ohms  per  cm.' 
at  60'  F.,  and  broke  down  after  an  eight  hours'  run.  Under  these 
coaditions  the  rapid  wasting  of  the  strip  caused  a  gradually  falling 
load.  It  is  very  convenient,  when  using  these  units,  to  have  a  small 
water  load  in  parallel  for  fine  adjustments. 

Obrionsly  the  relatively  short  life  and  lack  of  facility  of  adjustment 
are  the  chief  disadvantages  of  this  form  of  load. 

The  convenience  of  the  water  resistance  for  absorbing  a  test  load 
can  be  enhanced  by  providing  a  suitable  apparatus  for  producing 
iodnctive  load.  Transformers  and  induction  motors  are,  of  course, 
ideal,  bat  in  their  absence  choking  coils  of  cumbersome  and  expensive 
design  have  been  constructed,  usually  as  and  when  required.  A  cheap, 
reliable,  and  easily  adjustable  method  of  obtaining  varying  power 
factors  under  varying  conditions  is  a  desideratum.  Such  a  method 
and  construction  after  considerable  experiment  has  been  worked  out 
and  patented  in  x-arious  forms.  A  description  of  the  apparatus  and 
o^  the  method  of  asing  it,  together  with  an  account  of  experiments 
made  with  it,  will  constitute  the  second  portion  of  this  paper. 

Choking  coils  for  this  purpose  have  hitherto  been  constructed  by 
placing  a  suitable  winding  on  an  iron  core  having  a  small  and  some- 
times adjojOalsle  air-gap.  The  object  of  the  air-gap  has  been  to  render 
the  o«]t-of-phase  magnetising  current  as  large  as  possible. 

In  the  choking  coils  to  be  descrit>ed  below  no  air-gap  at  all  is  used, 
but  the  iron  is  instead  worked  at  a  flux  density  so  high  that  its  perme- 
ability IS  quite  low,  and  the  magnetising  current  is  correspondingly  large. 
There  IS  in  fact,  an  equivalent  air*gap  all  round  the  magnetic  circuit. 
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As  compared  with  ordinary  choking  coils,  this  construction  has  two 
distinct  advantages.  The  flux  density  can  be  very  much  greater  than 
i:5  practicable  with  the  older  coils  (three  to  four  times).  The  induced 
voltage  per  turn  is,  therefore,  correspondingly  increased,  and  the 
necessary  number  of  turns  reduced.  Also  the  magnetic  reluctance 
is  so  uniformly  distributed  all  round  the  magnetic  circuit  that  the 
magnetic  leakage  is  very  small,  and  every  turn  of  the  winding  is  equally 
utilised. 

The  alternating  magnetic  energy,  which  corresponds  to  the  out-of- 
phase  current  waves,  is  stored  by  reason  of  the  magnetic  state  of  the 
core  itself,  and  not  by  the  magnetic  stress  in  a  narrow  air-gap. 

The  result  of  this  design  is  to  give  an  exceedingly  compact  choking 
coil  for  a  given  number  of  kilovolt-amperes. 

Energy  Loss  in  the  Iron, — On  account  of  the  high  flux  density  it  is 
important,  in  order  to  avoid  eddy  currents,  to  use  the  thinnest  lamina- 
tions and  to  reduce  hysteresis  by  employing  the  best  iron.  As  is  well 
known,  heavy  iron  cores  cannot  be  worked  at  50  oo  for  long  at  flux 
densities  exceeding,  say,  8,000,  without  very  special  means  being  taken 
for  cooling  them,  and  at  the  flux  densities  which  are  being  used  in 
these  new  coils,  such  cooling  is  an  essential  condition.  It  may  here 
be  pointed  out,  however,  that  the  object  of  cooling  the  core  is  not 
that  the  iron  itself  may  be  rendered  cool,  but  that  it  shall  not  impart 
too  much  heat  to  the  windings  which  surround  it.  The  loss  in  the  iron 
itself  is,  in  fact,  very  substantially  reduced  by  a  rise  of  temperature  of 
the  core,  partly  on  account  of  the  reduced  hysteresis,  but  much  more 
by  the  increased  resistance  of  the  iron  and  consequent  reduction  of  the 
eddy  current  loss,  which,  in  cores  worked  at  very  high  flux  densities,  is 
otherwise  disproportionately  large. 

Two  methods,  beyond  those  ordinarily  used  for  transformers, 
suggest  themselves  for  working  such  high  flux  density  choking  coils 
continuously  without  overheating. 

1.  The  whole  coil  and  winding  may  be  immersed  in  water  kept  in 
circulation  and  slowly  flowing  to  waste. 

2.  The  limbs  of  the  iron  core  may  be  surrounded  by  coils  of  flat 
copper  tube,  closely  fitting,  in  which  water  is  continually  flowing,  and 
absorbing  any  heat  which  might  otherwise  reach  the  winding  from  the 
hot  core  ;  such  coils  being  coupled  by  rubber  pipes  to  supply  and  dis- 
charge, so  that  no  current  shall  be  induced  in  them. 

Coils  have  be«n  worked  out  by  the  authors  using  both  these  methods. 
In  cases  where  the  voltage  permits  it,  there  is  great  advantage  in  the 
first  method.  Not  only  does  it  provide  a  satisfactory  means  of  getting 
rid  of  the  heat  in  the  core,  but  it  allows  of  the  use  of  very  high  flux 
densities  in  the  winding.  Copper  for  the  windings  may  even  be 
dispensed  with  altogether,  and  the  coil  may  be  wound  with  iron  strip 
worked  at  current  densities  which  would  be  high  even  for  copper  if  not 
specially  cooled.  Such  coils  are  in  the  highest  degree  economical  to 
construct  and  prove  perfectly  satisfactory  if  the  voltage  of  the  generator 
to  be  tested  does  not  exceed  1,000-2,000.    Coils  of  this  type  have  been 
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desagoed  by  Mr.  Walshc  for  Messrs.  Belliss  &  Morcom,  and  the  authors 
are  indebted  to  him  for  much  ingenuity  in  designing  apparatus  and 
tAking  records  for  the  purpose  of  this  paper. 

For  voltages  much  higher  than  these,  or  where  a  more  durable 
apparatus  is  necessary,  it  is  preferable  to  use  water-cooled  cores  of 
the  t>-pc  described  above. 

It  i^  a>eful  to  give  a  comparison  between  a  transformer  and  a  choking 
coil  wound  on  the  same  sized  core  and  worked  at  the  same  current  densi- 
ties.— Consider  a  low-voltage  lo-k.w.  transformer  of  standard  design.  Its 
"  magnetising  '*  current,  by  which  is  meant  the  out-of-phase  component 
oi  its  oo-load  ciurent  of,  say,  i  per  cent.,  is  such  that  at  the  peak  of  the 
wares  there  is  a  field  of,  say,  H  ^  i,  giving  a  maximum  flux  density  of, 
say.  B  =  5.50a  Now  replace  the  primary  and  secondary  windings  by 
a  ^gle  winding  of  double  the  carrying  capacity,  and  increase  the 
primary  terminal  pre:»surc  to  four  times  its  former  amount.  The  single 
winding  must  now  take  current  enough  to  make  B  =  22,000,  which 
requires,  »ay,  H  ss  200,  so  that  the  current  taken  is  two  hundred  times 
as  great  as  the  old  magnetising  current,  and  twice  as  great  as  the 
normal  full-load  current  of  the  old  transformer. 

This  current  (masses  through  a  winding  of  twice  the  old  carrying 
capacity.  With  the  current  doubled  and  the  voltage  quadrupled,  the 
kilovolt-amperes  of  the  apparatus  now  are  eight  times  as  great  as  those 
for  which  the  transformer  was  built,  or  80  kilovolt-amperes  ;  and  this 
with  the  same  current  densities  as  before. 

To  test  a  1,000-k.w.  set  at  0*8  power  factor  requires  approximately 
1350  kilovolt-amperes,  and  750  kilovolt* amperes  of  idle  current,  or  three 
250  kilovolt-amperes  choking  coils.  With  the  special  cooling  descrit>ed 
above,  these  inductive  coils  can  be  constructed  on  cores  not  exceed- 
ing in  iizc  those  which  would  be  used  for  three  25-k.w.  transformers. 

Pcw€r  Factor. — Referring  again  to  the  example  of  a  lo-k.w.  trans- 
fanner,  the  copper  loss  in  the  windings  might  be  3I  per  cent.,  or 
350  wattx  At  these  high  flux  densities  the  core  loss  may  l>e  as  much 
a»  1,100  watts.  Thus  the  total  loss  is  1450  watts,  and  the  power  factor 
•it     the    current   taken   is   accordingly  1*45/80^0*018.      This  is  an 
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exceedingly  low  power  factor,  and  corresponds  to  the  lowest  that 
can  he  obtained  with  a  choking  coil  of  the  ordinary  construction,  even 
when  very  liberally  designed.  It  represents  a  lag  of  nearly  89^  The 
lower  the  power  factor  the  less  the  energy  which  has  to  be  got  rid  of 
m  the  inductive  coils,  and  consequently  the  higher  the  figure  at  which 
$och  coils  may  be  rated. 

The  minimum  power  factors  obtainable  with  different  sizes  of  these 
cotl>  arc  found  by  the  makers  to  be  approximately  as  shown  in  the 
tabic  on  page  145. 

The  manner  in  which  power  factor  varies  with  the  voltage  or  flux 
cicasity  is  clearly  shown  in  the  curves  (Figs.  7  and  8).    The  data  given 
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Impredded  volCd. 

Fic   8.— Characteristics  of  Single^hase  Choking  Coil  Wound  with  Iron  Strip. 

in  Fig.  7  relate  to  the  condition  of  working  which  gives  the  least 
power  factor.    Curves  showing  the  various  losses  are  also  given. 

Charactcrtsiic  of  Closed-Core  Choking  Coils, — ^The  relation  between 
impressed  terminal  voltage  and  current  (r.m.s.)  taken  by  the  coils, 
depends  upon  the  magnetisation  curve  of  the  iron  used  in  the  core,  as 
wdl  as  on  the  wave*form  of  the  current  itself.  At  high  flux  densities  a 
relatively  small  drop  in  voltage  reduces  the  current  almost  to  nothing. 
It  t^  cbaracteristic,  therefore,  of  these  choking  coils,  that  while  they  work 
well  over  a  wide  range  of  current,  yet  their  range  of  voltage  is  small. 

RcfCmlatum  of  Voltage  and  Current. — It  is  not  practicable  to  have 
special  inductive  loads  made  for  every  voltage    and  current  of  the 
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machines  which  may  have  to  be  tested.  It  is  therefore  of  the  greatest 
importance  to  provide  means  whereby  the  voltage  as  well  as  the 
current  of  an  inductive  load  may  be  regulated  while  the  power  factor 
is  maintained  at  a  specified  value  of,  say,  o*8. 

The  most  satisfactory  method  of  arranging  for  such  regulation  is  by 
means  of  water  resistance  arranged  in  such  a  manner  that  the  inductive 
coil  current  is  shunted  by  an  in-phase  component  of  current  in  a  water 
load,  while,  at  the  same  time,  resistance  may  be  put  in  series  with  the 
choking  coil  (see  Fig.  9). 

By  shifting  the  plate  B  towards  A  or  C,  the  double  adjustment  may 
be  conveniently  effected  at  one  time.  Adjustment  is  also  obtained  by 
raising  or  lowering  one  or  more  of  the  plates.  The  inductive  coil  naay 
be  either  immersed  in  the  tank,  or  may  be  in  a  separate  place  according 
to  the  method  used. 

Further  variations  of  voltage  and  current  may  be  obtained  by  the 
well-known  methods  of  paralleling  the  coils,  or  changing  from  star  to 
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Fig.  9.  -  Combined  Water  Load  and  Inductive  Load. 

A  B  =  Total  voltage  to  neutral. 

A  C  =  Voltage  across  choking  coil. 

B  C  -  Voltage  across  series  resistance. 

Ad  =  Current  in  choking  coil  and  series  resistance. 

de  =  Current  in  shunt  resistance. 

Ac  =  Total  current 

mesh  connection  or  both,  used  always  in  conjunction  with  the  above 
combination  of  water  loads  (Fig.  10). 

Since  the  change  from  star  to  mesh  coupling  reduces  the  voltage 
for  which  the  inductive  set  is  suitable  and  increases  the  current  by 
^^3,  it  is  convenient  to  make  the  next  step  down  in  voltage  correspond 
to  the  paralleHng  of  three  equal  sections  of  the  winding,  since  this 
will  again  give  a  step  =  ^^3.  The  next  step,  again,  would  then  be  by 
changing  from  star  to  mesh,  the  coils  remaining  still  in  parallel. 

In  this  way  an  extreme  range  of  voltage  of  as  much  as  9  :  i  may  be 
obtained  with  a  3-phasc  set,  each  of  whose  windings  is  subdivided  into 
three  parts  only,  while  throughout  this  range  the  set  can  be  worked, 
if  required,  at  constant  kilovolt-amperes  and  core  flux  density.  For 
testing  at  reduced  loads  the  correspondingly  smaller  kilovolt-amperes 
are  obtained  by  working  the  cores  slightly  at  lower  flux  density. 

For  economy  in  design  it  is  best  to  use  choking  coils  wound  for  the 
lowest  voltage  which  will  satisfy  the   purpose  for  which  the  coils  are 
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required.  If  they  arc  wanted  for  testing  3-phase  generators  at 
a  nxxlerate  power  factor,  it  ^iU  be  found  that  the  necessary  coil- 
voltage  is  not  more  than  one-third  to  one-half  of  the  terminal  voltage 
oi  the  machine  under  test. 

For  example,  let  it  be  required  (see  Fig.  11)  to  test  a  generator  of 
1,000  k.w.  at  6,000  volts  and  50  r\j  ;  the  test  to  be  carried  out  at 
0-75  power  factor.  Using  Y-connections,  this  means  in  each  branch 
a  voltage  of  3460  and  a  current  of  128  amperes,  being  the  resultant  of 
ao  in^phase  current  of  96  amperes  and  an  out-of-phase  current  of  847 
amperes.  Each  branch  of  the  circuit  requires  therefore  a  choking  coil 
dc!Mgned  for  847  amperes  and  3460  volts,  shunted  by  a  water  resistance 
taking  96  amperes  at  the  same  voltage.  No  water  resistance  whatever 
would  be  used  in  series  with  the  coils. 

It  IS  possible,  however,  to  obtain  the  same  result  using  choking  coils 
wound  for  lower  voltage  and  correspondingly  higher  current.    The 
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Fig.  I  a— Connections  for  3-pha8e  Working. 

cokH  can  each  be  wound  for  the  full  current,  128  amperes,  and  resist- 
ance can  be  arranged  in  series  only  with  the  coils.  If  the  coils  arc  so 
designed  that^  when  taking  this  current,  the  voltage  across  each  coil  is 
1.290  volts,  while  the  drop  across  each  water  resistance  in  series  with  a 
coil  is  2,600,  then,  since  these  two  voltages  are  practically  in  quadra- 
tnrc,  the  full  phase-voltage  of  3460  volts  will  be  maintained  as  before 
and  the  current  will  be  128  amperes,  at  075  power  factor  also  as  before. 
Thus,  to  carry  out  a  075  power-factor  test  on  a  i,ooo-k.w.  6,000-volt 
fgcncnior  requires  three  coils  each  for  128  amperes  at  2,290  volts  only  ; 
while  the  combined  kilovolt -amperes  of  the  coils  is  3  x  128  x  2,290,  or 
880  Idlovolt-amperes  as  compared  with  the  1,333  kilovolt-amperes  of 
the  generator.  Stmilarly,  if  the  test  had  been  required  at  085  power 
factor  the  coil-voltage  would  have  been  1,820  volts,  and  the  combined 
kilovolt-amperes  of  the  coils  620,  the  generator  kilovolt-amperes  being 
1.130. 
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Generally,  if — 

E^=  terminal  volts  of  3-phase  generator, 

W  =  output  in  k.w., 

and    Cos  f  ^required  power  factor  during  test ; 

then  the  three  choking  coils  needed  should   be  wound  each  for   a 

^    ,  .  W E-,.  sin  0       ^, 

current  of  I  =  /    /.    ^ — ttt-TT.  and  a  voltage  of  E.  =    ^    /-    .      The 
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Fig.  II. — Range  of  Voltage  and  Current  with  given  3-phase  Choking  Coils. 

maximum  combined  kilovolt-ampercs  of  the  three  coils  is,  therefore, 
=  Wtan^. 

It  will  be  plain  from  the  above  that  the  combination  of  inductive 
coils  and  water  resistances  described  in  the  paper  is  capable  of  dealing 
with  a  given  number  of  kilowatts  at  a  specified  power  factor  over  a 
range  of  voltage  extending  from  E^  J2  down  to  sin  ^  times  this 
amount,  where  cos  f  is  the  power  factor.  The  range  of  current  is 
correspondingly  as  sin  ^:i. 
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ThroDf^hout  this  ranj^e  both  voltage  and  current  of  each  choking  coil 
arc  those  for  which  the  coils  have  been  assumed  to  have  been  designed. 
When  the  coil-voltage  is  reduced  the  current  will  fall  off  rapidly  after 
the  manner  shown  in  Figs.  7  and  8.  By  using  similar  arguments  to  those 
given  already,  it  is  seen  that  a  combined  inductive  and  water-load  as 
described  can  deal  with  a  range  of  voltage  and  current,  and  also  with 
a  rani^e  of  power  as  well,  at  a  given  power  factor.  Such  a  range  is 
shown  by  the  shaded  area  on  the  right-hand  side  of  the  figure  (Fig.  11) 
worked  oat  for  0*75  power  factor  and  1,000  k.w.  or  less. 

To  extend  the  range  of  the  set  the  method  described  on  page  148  is 
nsed.  The  sections  of  the  combined  load  are  coupled  in  mesh  or  delta 
amnection.  In  this  way  the  current  capacity  is  increased  as  i :  /^J, 
while  the  voltage  limits  are  correspondingly  reduced.  On  referring 
again  to  Fig.  1 1,  it  will  be  noticed  that  this  covers  another  large  range 
of  voltage,  ctirrent,  and  power  which  will  overlap  the  former  range 
only  when  sin  f  is  equal  to  or  less  than  1/  J^^  or  0*578,  which  means 
that  the  power  factor  of  the  te^t  must  not  be  less  than  o*8i6.  Above 
ihi-*  power  factor  the  ranges  covered  overlap  ;  below  it  there  are  certain 
currents  and  voltages  which  cannot  be  dealt  with. 

To  deal  with  yet  lower  voltages  and  higher  currents  the  windings  on 
the  coil  are  each  divided  into  three  sections.  These,  when  paialleled 
and  ^tar-coupled,  give  a  set  of  volt-ranges  one-third  of  those  first  avail- 
able, and  consequently  reduced  sls  J^:  i  from  the  second  arrangement 
in  which  the  apparatus  was  delta-connected  and  all  the  windings  on 
each  core  were  in  series. 

Lower  voltages  still  can,  of  course,  be  obtained  by  delta-coupling 
the  third  arrangement ;  and,  if  advisable,  by  further  subdivision  of  the 
coib  into  nine  sections  each. 

In  each  of  the  aurangements  the  range  of  power  which  can  be  dealt 
with  at  a  given  power  factor  is  the  same — namely,  1,000  k.w.  and  less  for 
IcitA  at  075  power  factor,  and  from  1,420  k.w.  and  less  for  tests  at  0*85 
power  factor. 

The  combination  of  coils  and  water-loads  descrit>ed  here  is  thus  of 
a  rtty  dcxible  nature  and  well  suited  to  deal  with  the  variety  of  gene- 
rators which  may  have  to  be  tested  commercially. 

The  kilovolt-amperes  of  an  inductive  load  being  fixed,  the  wind- 
mg  must  be  so  chosen  that  the  following  conditions  are  satisfied : 
(<i»  It  must  carry  the  required  current  without  undue  heating  con- 
tinaoasiy,  or,  in  special  cases,  for  a  given  short  period  ;  (b)  its 
nomber  of  turns  must  be  such  that,  when  carrying  this  current,  a  back 
E.1I.F.  equal  to  the  required  coil-terminal  voltage  is  obtained  ;  and  (c) 
there  must  at  the  same  time  be  enough  ampere-turns  operating  on  the 
Goil*s  magnetic  circuit  that  the  requisite  high  flux  density  is  obtained. 
I*  the  coil  is  above  a  very  small  size,  and  not  required  for  short-time 
fating  only,  the  core  must  be  cooled. 

The  tt*e  of  these  coils  worked  at  such  high  flux  densities  gives  rise 
to  a  current-wave  whose  peak  is  about  10  per  cent,  higher  than  that  of 


162        MOKCOM   AND   MORRIS:   ARTIFICIAL  LOAD       [March  11th, 

an  equivalent  sine-wave  of  current.  That  is,  in  calculating  the  ampere- 
turns  available  for  producing  the  maximum  of  flux  density  the  r.m.s. 
ampere-turns  must  be  multiplied  by  about  1*56  ;  so  that  the  value  of  H 
is  about  1*96   X  the  r.m.s.  ampere-turns.    The  approximate  field  is 
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Figs.  12  and  13. — Suggested  Design  for  Artificial  Load  Inductive  and  Non- 
inductive,  Suitable  for  1,000  k.w.  at  1,000  to  6,000  volts.  Also  at  500 
volts  with  Heavier  Switch  Gear  and  Leads  and  with  Extra  Plates  for 
Water  Load. 


therefore  roughly  obtained  by  doubling  the  r.m.s.  ampere-turns.  The 
distortion  of  wave-form  is,  however,  not  very  great  owing  to  the  very 
high  flux  'density,  and  therefore  uniformly  low  permeability  which 
occurs. 
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Approxinute  data  rdatiDg  to  Sankey's  Loh\*s  and  Stalloy  irons  at 
these  high  flax  densities,  based  partly  o»  the  authors*  experiments 
arc  given  bdow  : — 

^  N  Loss  per  IK  at  50  Periods. 


Liaapcr 

■q.  cm. 

C  G  .V  CniU. 
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The  nx>st  suitable  design  of  choking  coil  is  in  many  cases  that 
ijiving  the  /^as/  power  factor.    This  factor  is  the  ratio  of  copper  and  iron 
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Fig.  14. — Diagram  of  Connections  on  Figs.  12  and  13. 

losses  to  the  total  kilovolt-amperes  of  the  choking  coil.  The  losses 
depend  on  the  square  of  the  current  and  on  some  similar  function  of 
a  not  widely  varying  flux  density,  while  the  kilovolt-amperes  are  pro- 
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portional  to  current  and  flux  density.  Thus  there  will  be  a  point  at 
which  the  power  factor  is  ^  minimum  which  occurs  at  a  higher  flux 
density  the  larger  the  coil.  This  is  illustrated  in  the  curves  already 
given  in  Figs.  7  and  8. 

It  is  difficult  to  generalise  as  to  the  best  method  of  combining  the 
details,  but  the  authors  append  a  suggestion  for  a  working  plant  on 
lines  which  have  been  found  very  satisfactory  in  practice  over  a  large 
range  of  conditions  (see  Figs.  12  and  13).  The  diagram  of  connections 
for  this  arrangement  is  given  in  Fig.  14,  The  inductive  coils  here 
shown  are  cooled  by  immersion  in  suitable  tanks  in  which  water  is 
circulated,  as  also  in  the  mainl  load  tanks  by  a  system  of  pipes  clearly 
indicated. 


Mr.  Kemp. 


Discussion  in  Birmingham. 

Mr.  J.  P.  Kemp  :  I  have  had  considerable  experience  in  the  use  of 
water  load  for  high-voltage  tests,  and  have  found  it  to  be  the  only 
suitable  form  of  load  where  large  amounts  of  energy  have  to  be 
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Over-flow 
pipe 


.Neutral  electrodes 
iwcLter  supply  pipe. 


^jOver-flow  pipe. 


Water  service  pipe."^ 

Cross  section. 
Fig.  E. — Type  of  A.C.  Test  Tank  in  use  at  Manchester  and  Birmingham. 

dissipated*.    With  wooden  tanks,  however,  I  have  experienced  that  they 
have  caught  fire  and  the  water  leaked  out. 

In  Manchester,  at  the  Stuart  Street  station,  I  have  used  for  3-phase 
6,500-volt  work,  a  circular  iron  tank  6  ft  in  diameter  and  4  ft  deep,  an 
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lihi^ratton  of  which  is  shown  in  Fig.  E.  The  outer  electrodes  are  Mr.  Kemp. 
M-mmctrically  spaced  at  120°,  being  about  7  in.  away  from  the  neutral 
cJement,  and  the  water,  which  is  introduced  in  the  centre  at  the  bottom 
d  the  tauik,  flows  away  over  a  weir  at  the  top.  With  this  particular  tank 
4^000  k.w.  has  been  successfully  absorbed  for  over  six  hours.  The  outer 
body  of  the  tank  also  forms  part  of  the  neutral  element,  and  as  this  is 
sobstantially  earthed,  there  is  no  possible  danger  from  shock.  With 
wooden  tanks,  however,  there  is  considerable  risk  of  men  receiving  a 
shock  from  the  body  of  the  tank  or  even  from  the  water.  In  these 
lc^?»  I  used  town  water  ;  under  these  conditions  it  was  possible  to 
vary  the  load  from  40  to  4,000,  simply  by  varying  the  immersed  area 
oi  the  electrodes,  the  amount  of  water  being  constant.  As  a  pre- 
caution against  failure  of  the  water  supply  and  the  consequent  increase 
of  load  I  used  a  drain  pipe  at  the  bottom  of  the  tank  ;  the  amount  of 
kad  OQ  the  tank  was,  however,  under  perfect  control,  and  could  be 
readily  adjusted  by  means  of  a  small  motor  operated  from  the  switch- 
board. It  would  not  l>e  possible  to  use  canal  water  in  small  metal 
tanks  for  6,000-volt  tests. 

In  giving  the  specific  resistance  of  condensed  or  canal  water  it  is 
oiorc  convenient  to  give  this  as  so  much  per  cubic  foot  and  not  per 
cubic  centimetre  as  in  the  paper.  Even  better,  it  might  be  given  as 
the  resistance  l>etween  opposing  plates  i  ft.  square  and  i  ft.  apart,  which 
to  oot  quite  the  same  thing  as  the  resistance  per  cubic  foot. 

A^  a  permanent  adjunct  to  a  central  station,  a  suitable  water  load  is 
vciy  desirable,  for  it  enables  one  to  perform  various  adjustments  to 
valves,  governors,  etc.,  as  required  ;  it  is  certainly  expensive,  but  there 
1^  no  question  about  its  advantage  and  superiority  over  the  temporary 
arrangements  frequently  provided  for  official  tests. 

The  main  point  of  interest  in  connection  with  the  paper  is  the  very 
ingenious  method  devised  for  obtaining  loads  of  varied  power  factor, 
Asul  I  understand  this  to  be  the  only  simple  and  satisfactory  apparatus 
which  has  so  far  been  adopted.  Its  use  will  therefore  be  of  undoubted 
advantage  to  those  engineers  who  desire  to  test  their  alternators  on 
inductive  loads,  as  up  to  the  present,  although  a  variety  of  inductive- 
load  tests  have  t>een  called  for  in  specifications,  I  do  not  know  of  any 
case  in  which  they  have  actually  t>een  carried  out 

Mr.  J.  M.  Walsh s  :  The  best  design  of  tank  is  one  which  will  allow  Mr.  Waishe. 
oi  the  greatest  range  of  toads,  and  with  a  circular  metal  tank  and 
Birmingham  canal  water  it  would  l>e  quite  impossible  to  get  small 
kxub  at  high  voltages.  With  low-resistance  water  it  is  necessary  to 
have  a  Umg,  narrow  tank.  Three  tanks,  each  6  ft.  long,  i  ft.  deep,  and 
6  in.  wide  have  tieen  found  quite  large  enough  for  950  k.w.  at  7,500 
volts,  and  the  load  could  be  reduced  to  40  k.w.  at  the  same  voltage. 
This  range  would  not  be  possible  with  metal  tanks  using  canal  water. 
A  point  in  connection  with  the  use  of  small  tanks  is  that  the  water 
supply  must  l>e  reliable  and  regular,  as  owing  to  the  decrease  of  resist- 
ance with  the  rise  of  temperature  of  the  water,  there  would  be  danger 
of  a  bemvy  overload  if  the  supply  were  to  fail.    With  tanks  of  small 
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Mr. 
Chattock. 


Mr.  Waishe.  capacity  the  rise  of  temperature  is  very  rapid.  An  open  drain  should 
be  fitted  under  the  weir,  so  that  in  case  of  a  failure  of  the  water  supply 
the  level  of  water  in  the  tank  would  fall  and  the  resistance  would  remain 
about  constant. 

Mr.  R.  A.  Chattock  :  The  authors  state  on  page  141  that  the  voltage 
drop  per  foot  of  water  should  not  exceed  600.  Does  this  apply  to  high- 
or  low-tension  current  ?  If  the  latter,  I  think  it  a  very  low  figure. 
I  consider  that  the  limit  of  current  density  of  i  ampere  per  square  inch 
of  plate  is  too  high.  It  is  not  clear  whether  the  figure  refers  to  plates 
in  running  or  in  stationary  water,  but  certainly  in  stationary  water 
boiling  would  occur  in  a  very  short  time  with  probably  ^  an  ampere 
per  square  inch.  I  once  carried  out  some  tests  in  which  I  used  two 
plates  placed  in  a  canal.  The  conditions  were  loo-k.w.  load  at 
i,ooo-volt  single-phase  alternating  current ;  the  electrodes  were  15  ft. 
apart,  the  immersed  area  of  each  being  10  sq.  ft.  One  could  feel  the 
effect  of  the  electric  current  in  the  water  at  least  50  ft.  away,  and  fish 
were  killed  within  a  radius  of  20  ft.  As  a  danger  signal  whilst  the  test 
was  going  on,  a  small  raft  was  moored  between  the  electrodes,  from 
which  two  iron  plates  were  suspended  in  the  water  18  in.  apart ;  a 
lOO-volt  lamp  was  connected  to  these  plates,  and  the  drop  in  pressure 
was  sufficient  to  light  this  up.  I  have  tried  a  single-phase  test  with  a 
metal  tank  as  one  pole  and  a  rod  in  the  centre  of  the  tank  as  the  other, 
and  the  result  was  practically  a  short  circuit.  By  using  the  same  tank 
and  two  rods,  one  for  each  pole,  quite  satisfactory  results  were  obtained. 
I  have  had  trouble  with  wooden  tanks  owing  to  deterioration  of  the 
wood  allowing  water  to  leak,  which  caused  charring  on  the  outside  ; 
I  have  also  known  the  wood  to  catch  fire  if  this  was  allowed  to  go  on. 

Mr.  F.  Forrest  :  The  amount  mentioned  on  page  138  of  5  gallons 
of  cooling  water  per  kilowatt-hour  for  70°  rise  is  practically  that 
obtained  by  calculation,  using  Joule's  equivalent.  On  page  142  the 
authors,  in  describing  a  6,000-volt  tank,  say  that  the  position  of  the 
electrodes  can  be  adjusted  by  sliding  the  supports  along  the  top  of  the 
tank.  Personally  I  should  not  like  to  do  the  sliding.  Some  mechanical 
means  of  adjustment  is  necessary  such  as  a  right-  and  left-hand  screw  or 
a  pulley  arrangement. 

Mr.  J.  D.  CoALES :  I  desire  to  call  attention  to  the  peak  in  the 
wave-form  of  the  current  in  a  choking  coil  worked  at  high  flux  density, 
and  am  able  to  show  the  no-load  current  wave-form  of  two  y^-k.w.  trans- 
formers, the  primaries  of  which  were  connected  in  parallel  to  2o8-volt 
mains  instead  of  being  supplied  at  their  rated  pressure  of  1 16  volts, 
The  frequency  was  50  no  per  second,  the  effective  current  9*3  amperes, 
the  maximum  value  as  shown  by  an  oscillogram  being  about 
187  amperes,  and  the  maximum  flux  density  about  10,600  lines  per 
square  centimetre.  The  duration  of  a  peak  is  confined  to  a  compara- 
tively small  portion  of  the  cycle  with  its  middle  point  roughly  coincident 
with  the  instant  of  zero  pressure,  and  I  suggest  that,  when  an  alternator 
is  tested  on  such  an  inductive  load,  the  "  drop  "  might  be  exaggerated 
unfairly,  owing  to  the  concentration  of  the  demagnetising  reaction  into 
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Mean  c«  t  -      '*-°  .  -  -^«  0-315- 
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liAximum  value  of  amperes  187  amperes. 

B  maaimaiD  »  io,tno  approximate  taking  Form  factor  ^  i.ii. 

a  anail  part  o£  the  cycle  where  it  is  most  effective.    Have  the  authors 
foand  this  to  be  the  case  ? 

Dr,  W.  E.  SUMPNER  :  The  paper  is  divided  into  two  distinct  parts,  ^r. 
a  practical  portion  dealing  with  water  loads  and  tank  construction,  "*"  ^' 
and  a  more  theoretical  portion  bringing  forward  a  new  feature  in 
coooectioa  with  the  design  and  construction  of  a  load  suitable  for 
taking  current  at  a  given  power  factor.  The  novelty  consists  in  using 
a  choking  coil  with  a  closed  iron  magnetic  circuit,  and  working  it  at 
rery  high  flux  densities.  This  latter  feature  is  particularly  interesting. 
Mr.  Coales  has  drawn  attention  to  a  fact  I  pointed  out  many  years  ago 
— that  the  current  wave  in  a  transformer  having  a  closed  magnetic 
csTcnit  consists  of  a  shoulder  and  a  peak.  At  very  high  flux  densities 
the  peak  will  certainly  be  increased,  while  the  shoulder  will  be  less 
proooonced*  This  will  result  in  a  zigzag  wave  of  current  very  like  a 
scries  of  triangles.  A  sine  wave  is  approximately  a  triangle  with  the 
peak  rounded  off,  so  that  the  resulting  wave  would  essentially  differ 
only  very  slightly  from  a  sine  curve.  The  use  of  these  choking  coils 
will  thus  have  no  unusual  effect  on  the  alternator.  It  is  not  an  easy 
problem  to  test  a  generator  at  a  given  power  factor,  e^pccially  for 
3*phaM  circuits.  The  uMial  method  is  to  make  a  trial  choking  coil 
witboot  iron,  and  to  alter  and  reconstruct  it  until  a  more  or  less  suitable 
kad  IS  obtained.  In  the  method  used  by  the  authors  several  coils 
are  employed,  so  as  to  seciu-e  a  wide  range  of  voltage,  and  the  power 
factor  is  adjusted  by  combining  the  choking  coil  with  water  loads  in 
Mrio  and  in  parallel.  This  makes  the  arrangement  very  flexible, 
and  It  3»hould  prove  of  great  practical  value.  It  seems  to  me  to  be  the 
bc^  solution  of  the  problem  of  obtaining  an  alternating-current  load 
of  adjustable  power  factor. 

Mr.  N.  B.  ROsHBK  :  I  nhould  like  to  ask  if  the  authors  have  fully   Mr.  Ro»h«r 
coovidcred  the  use  of  wire  resistances.     I  had  experience  with  these 
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Mr.  Gott. 


Mr.  Rosher.  some  years  ago  and  found  them  to  work  well.  They  were  mounted  on 
light  angle  iron  frames  in  units  of  convenient  size,  for  connecting  up 
to  test-room  terminal  boards.  One  advantage  of  such  units  is  that 
they  can  be  made  quite  portable,  and  the  practice  was  to  despatch 
them  from  the  works  for  the  testing  of  generators  after  final  erection. 

This  obviates  the  necessity  of  rigging  up  temporary  water  resist- 
ances, which  I  have  found  from  practical  experience  is  frequently  a 
difficult  and  messy  business. 

Mr.  A.  E.  Gott  :  I  am  particularly  interested  in  the  portion  of  the 
paper  dealing  with  water  resistances.  As  an  illustration  of  the  high 
resistance  of  pure  country  water,  I  may  mention  an  experiment  made, 
previous  to  a  dissipation  test,  on  an  ordinary  oil  barrel  filled  with 
water.  Lead  plates  were  used  each  with  2  sq.  ft.  immersion.  When 
brought  to  within  only  j  in.  of  each  other,  100  volts  only  gave  2  to 
3  amperes.  The  addition  of  two  or  three  ounces  of  acid  enabled  me 
to  dissipate  60  H.P.  with  the  plates  at  a  safer  distance  apart.  The 
capacity  of  a  barrel  is  20  H.P.  for  i  hour  before  boiling.  I  never 
saw  a  large  water  resistance  without  thinking  that  it  was  by  no  means 
satisfactory.  The  troubles  of  electrolytic  action,  corrosion,  bad  insu- 
lation, and  shocks  are  inseparable  from  its  use,  and  I  consider  it  highly 
dangerous  on  extra  high-pressure  work.  In  my  opinion  insulated 
water  tanks  will  not  be  tolerated  as  permanent  plant  under  the  new 
Home  Office  Regulations,  a  point  which  seems  to  have  been  overlooked 
in  the  paper,  and  I  would  advocate  the  use  of  wire  coils  immersed  in 
oil  and  surrounded  by  a  water  circulation.  It  is  possible  in  this  way 
to  dissipate  continuously  10  k.w.  with  a  unit  which  can  be  carried  in 
one's  pocket. 

Dr.  Kapp.  Dr.  GiSBERT  Kapp  :  Referring  to  the  question  of  insulation,  I  think 

it  is  not  sufficient  to  earth  the  tank.  It  is  not  possible  to  get  a  better 
earth  than  canal  water,  and  yet  it  is  possible  to  get  a  shock  from  the 
water.  The  tank  itself  should  be  earthed,  but  siurounded  by  a  plat- 
form supported  on  insulators  and  covered  with  a  rubber  mat.  We 
have  heard  about  wooden  tanks  which  have  given  trouble  owing  to 
fire  and  metal  tanks  which  have  corroded.  I  should  like  to  ask 
whether  the  authors  have  had  any  experience  with  earthenware,  which 
appears  to  possess  the  advantages  of  both  with  the  drawbacks  of 
neither.  I  have  used  earthenware  tanks  for  small  loads,  and  have 
found  them  to  work  very  well.  I  should  also  like  to  ask  the  authors  if 
they  have  observed  the  actual  power  factor  of  a  resistance,  consisting 
of  iron  plates  in  water.  I  believe  that  this  is  not  quite  unity,  but  that 
the  water  load  takes  a  leading  current.  Electrolysis  is  continually 
going  on,  and  produces  a  film  of  gas  on  the  plates,  thus  forming  a 
condenser.  This  effect,  combined  with  the  ohmic  resistance,  results 
in  the  power  factor  being  not  quite  unity. 

Mr.  Davis.  Mr.  OSWALD  T.  Davis  :  It  will  be  seen  from  the  authors'  table  of 

specific  resistances  that  a  successful  water  resistance  requires  a  water 
with  a  large  percentage  of  mineral  matter  in  solution.  As  they  point 
out,  hot  well  water  has  a  very  high  specific  resistance  at  60*^  F.,  and  is 
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ttKre£or«  nnsdUble.  Nevertheless,  I  have  used  the  hot  well  for  a  Mr.  Davis. 
wttcr  resistance  on  one  occasion  for  a  150-k.w.  230-volt  machine,  suffi- 
dent  cturent  t)einj;  obtained  with  a  fairly  small  battery  of  resistance 
pbtes  by  reason  of  the  high  temperature  of  the  water  (about  150°  F.). 
As  a  general  rule,  the  circulating  water  discharge  from  a  surface  con- 
densing plant  is  suitable  for  use  in  an  artificial  load. 

For  a  permanent  resistance  it  is  convenient  to  have  one  large  tank, 
and  I  am  distinctly  in  favour  of  a  brick-built,  cement-lined  tank.  For 
a  low-voltage  resistance  the  plates  (which  may  be  of  i-in.  sheet  iron  for 
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lemperttCure  of  trUring  w6ltr  in  dopneas  F<&h:. 

Fig.  G. 
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hghtness)  should  be  fixed  in  frames  a  certain  distance  apart,  and  the 
knd  controlled  by  raising  or  dropping  the  whole  frame  into  the  water. 
This  arrangement  reduces  the  necessary  size  of  the  containing  tank. 
It  b  good  practice  to  have  a  light  fuse  in  series  with  each  individual 
positive  plate,  and  the  plates  may  be  grouped,  the  groups  being  con- 
trolled by  switches.  The  load  may  then  be  prepared  by  lowering  the 
resistance  frame  into  the  water,  switching  on  a  certain  number  of 
KToaps  of  plates,  and  finally  securing  fine  adjustment  by  further 
raiting  or  lowering,  or  preferably  by  manipulating  a  weir  on  the 
ovUct. 

Cung  water  with  a  resistance-temperature  curve  given  in  Fig.  G,  I 
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Mr.  Davis,      have  found  the  following  to  be  convenient  distances  from  positive  to 
negative  plates  :— 

lOO  volts 2  in. 

200-300      „  3   „ 

400-600      „  5  „ 

1,000      „  7   „ 

which  values,  it  will  be  seen,  give  much  lower  values  for  the  current 
density  than  the  limit  of  i  ampere  per  square  inch  given  by  the  authors. 
With  the  water  the  positive  plates  get  covered  in  time  with  a  rust  scale. 
This,  however,  can  be  easily  scraped  off  or  released  by  tapping  the 
plates  with  a  hammer.  When  corroded  to  a  certain  extent  it  is 
convenient  to  alter  the  connections  so  that  the  negative  plates  become 
positive,  and  vice  versa,  thus  ensuring  an  even  life  for  the  whole  set  of 
plates.  Iron-wire  resistances  immersed  in  water  are  not  permanent 
enough  for  standard  use,  but  are  useful  in  exceptional  cases.  They  are 
best  arranged  in  a  box,  and  should  be  well  swept  with  water  flowing 
through.  If  run  at  a  density  of  about  10,000  amperes  per  square  inch, 
their  life  is  fairly  long.  For  extra  high  voltage  work  it  is  necessary  to 
insulate  well  the  source  of  the  entering  water,  and  I  have  found  a 
small  erection  resembHng  a  cooling  tower  useful  for  breaking  up  the 
water  into  drops. 

As  regards  the  use  of  choking  coils,  it  must  be  remembered  that 
ordinary  commercial  work  only  calls  for  power  factors  of  075  and 
above,  and  this  point  should  be  considered  when  designing  chokers. 
Generally  speaking,  the  use  of  choking  coils  on  machines  under  test  is 
limited  to  determination  of  tlie  increase  of  excitation  or  voltage  drop. 
For  this  reason  the  period  during  which  they  are  in  use  can  be  kept 
small,  and  artificial  cooling  may  be  dispensed  with.  On  the  other 
hand,  most  engineers  desire  to  see  their  plant  tested  under  a  load 
as  closely  as  possible  approximating  to  that  which  they  will  be  called 
upon  to  take  up  in  everyday  practice,  and  therefore  it  is  best  to  design 
the  chokers  to  enable  their  use  on  long  temperature  and  steam  con- 
sumption runs.  A  point  often  lost  sight  of  by  engineers  in  chaige  of 
the  latter  class  of  tests  is  the  reduced  efficiency  and  consequent 
increased  steam  consumption  of  machines  when  under  inductive  load. 
The  extra  losses  (that  is,  increased  armature  and  excitation  copper 
losses)  often  amount  to  2  per  cent,  of  the  output,  and  hence  will  make 
an  appreciable  difference  to  the  steam  consumption. 

The  authors  have  not  touched  on  the  question  of  capacity  effects 
due  to  the  use  of  water  resistances  on  alternating-current  machines. 
Some  years  ago  I  investigated  this  subject  rather  closely,  and  came  to 
the  conclusion  that  the  power  factor  in  ordinary  cases  always  ap- 
proaches unity  very  closely  (careful  measurements  giving  actual  values 
of  0985  to  0998).  The  lead  of  the  current  on  the  voltage  is  indecipher- 
able on  an  oscillographic  record.  Quite  recently,  however,  when 
testing  a  large  generator  on  a  water  load  with  very  small  electrodes, 
a  curious  momentary  rise  in  terminal  voltage  was  noticed  when  full 
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load  was  suddenly  switched  on,  the  switching  being  performed  by   Mr.  Davis. 
dropping  the  electrodes  into  the  water.     I  hope  to  investigate  the 
phenomenon  with  an  oscillograph  shortly. 

Mr.  R  K.  Kber  (communicated) :  The  following  particulars  of  a  liquid  Mr.  Kecr. 
resistamce,  with  the  design  of  which  I  have  been  concerned,  may  be  of 
interest.  The  resistance  is  placed  in  one  of  the  electrical  laboratories 
of  the  Monicipal  School  of  Technology,  Manchester.  It  is  intended 
primarily  to  form  a  load  for  a  25- H. P.  500- volt  traction  motor  when 
driven  as  a  generator  by  another  similar  machine.  Being  of  a  per- 
manent nature,  the  tank  was  built  of  glazed  Staffordshire  blue  bricks, 
in  cement,  the  walls  being  9}  in.  thick.  A  layer  of  mastic  asphalt,  i  in. 
thick,  was  put  between  the  two  thicknesses  to  make  it  watertight.  The 
internal  dimensions  of  the  tank  are  6  ft.  9  in.  by  2  ft.  6  in.  by  2  ft  It 
is  placed  in  a  pit,  the  bottom  of  which  is  4  ft.  4  in.  below  the  level  of 
the  floor.  This  pit  is  partly  roofed  over  with  steel  girders,  to  which 
machines  can  be  bolted  for  testing.  The  space  between  the  girders 
IS  fitted  with  trap-doors.  The  electrolyte  used  is  a  2  per  cent,  solu- 
tioa  of  aluminium  sulphate,  the  electrodes  being  lead  plates.  This 
makes  a  very  clean  arrangement  as  practically  no  sediment  or  fumes  are 
formed.  The  arrangement  of  the  plates  is  as  follows  :  At  one  end  of 
the  tank  are  four  fixed  plates,  each  12  in.  square  and  iin.  thick.  They 
are  placed  parallel  to  the  length  of  the  tank  and  at  a  distance  of  7^  in. 
from  each  other.  The  movable  electrode  consists  of  three  plates,  each 
I  sq.  ft.  in  area,  but  V-shaped  at  the  bottom.  These  are  fixed  to  a 
simple  carriage,  fitted  with  wheels,  which  runs  on  two  lengths  of 
ffks  pipe  placed  on  an  incline,  sloping  down  towards  the  fixed  plates. 
When  the  movable  plates  are  at  this  end  they  are  completely  immersed 
and  fit  in  between  the  other  plates.  This  gives  an  area  of  6  sq.  ft. 
the  distance  t)etween  the  plates  being  3}  in.  As  the  plates  are  moved 
away  they  rise  up  the  incline,  and  thus  out  of  the  liquid  at  the 
same  time.  The  plates  are  moved  from  above  by  means  of  a  hand 
wheel  actuating  a  winch  through  bevel  gearing.  A  brake  is  provided 
to  prevent  the  plates  running  back.  The  whole  arrangement  is  well 
coated  with  anti-sulphuric  paint.  Connections  are  made  to  the  movable 
plates  by  means  of  flexible  cables. 

This  arrangement  of  the  plates  gives  a  very  large  variation  of  resist- 
ance. Thus  with  a  i  per  cent  solution,  which  was  tried  at  first,  the 
resistance  could  l>e  varied  from  about  50  ohms  with  the  plates  just 
touching  the  liquid  to  about  075  ohm,  when  they  were  completely 
mmierscd.  The  lowest  resistance  required  was  less  than  this,  so  the 
amount  of  aluminium  sulphate  was  doubled,  bringing  the  resistance 
down  to  about  0*5  ohm.  The  resistance  varies  considerably  with 
current  density  as  the  following  figures  show.  With  the  2  per  cent 
solution  and  with  the  plates  completely  immersed,  the  resistance  with 
to  amperes  was  0*8  ohm,  with  20  amperes  0*65  ohm,  gradually  becom- 
ing leas  ontil  with  100  amperes  it  was  only  0*48  ohm.  The  '*  resistance  " 
Bftcasored  includes,  of  course,  a  certain  amount  of  back  E.M.F.,  which 
ts  ooa?tuit  and  therefore  most  apparent  with  the  small  currents,  and 
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Mr.  Keer.  helps  to  account  for  the  variations  obtained.  Apart  from  this  the 
variation  is  not  due  entirely  to  temperature  rise,  for  the  readings  were 
taken  quickly  before  there  was  time  for  much  rise  in  temperature  to 
occur.  To  test  the  temperature  rise  of  the  tank  it  was  loaded  with 
25  k.w.  (50  amperes,  500  volts)  for  one  hour.  The  temperature  rise  at 
the  end  of  the  hour  was  27^°  C.  (from  14^°  to  42*').  While  at  this  tem- 
perature the  resistance  with  plates  completely  immersed  and  with 
100  amperes  was  0*335  ^^"^  ^^  compared  with  0*48  ohm  when  nearly 
cold. 

The  movable  plates  are  connected  to  three  separate  terminals,  so 
that  higher  resistances  can  be  obtained  by  using  only  one  plate.  By 
using  the  middle  plate  as  the  common  connection  the  tank  can  be  used 
for  a  balanced  2-phase  load,  but  will  not,  of  course,  give  a  balanced 
3-phase  load. 

Mr.  Digby.  Mr.  W.  PoLLARD  DiGBV  (communicated) :  My  remarks  are  confined 

to  the  value  of  conductivity  determinations  of,  say,  hot  well  water  from 
a  surface  condensing  plant.  The  first  question  in  any  such  study  is  as 
to  the  value  to  be  allowed  for  the  specific  resistance  of  distilled  water. 
The  table  at  the  top  of  page  138  gives  600,000  ohms.  But  even  with 
ordinary  care,  with  a  Liebig  condenser  in  the  laboratory,  300,000  to 
400,000  ohms  is  a  fair  figure.  It  is  only  with  special  care  that  600,000 
to  750,000  ohms  is  attainable.  With  extraordinary  precautions  Kohl- 
rausch  has,  I  believe,  produced  distilled  water  with  a  specific  resistance 
of  1,100,000  ohms  per  cubic  centimetre  at  18°  C.  The  absorption  of 
impurities  from  the  vessels  in  which  the  water  is  condensed,  and  the 
absorption  of  impurities  from  the  atmosphere  reduce  the  value  to  a 
lower  figure.  Indeed,  if  50  cubic  centimetres  of  distilled  water  is 
shaken  up  for  30  seconds  in  a  thoroughly  clean  stopped  loo-cc.  fiask, 
the  resistance  will  be  found  to  have  fallen  about  40  to  50  per  cent.  As 
regards  impurities  the  hyperbolic  curve  given  in  Fig.  i,  with  its  abrupt 
fall,  is  typical  of  all  substances  soluble  in  water.  The  addition  to  a 
distilled  water  having  a  value  of  300,000  ohms  of  only  one  part  per 
million  of  sodium  chloride  will  reduce  that  resistance  to  about  one-half. 
For  any  tests  the  central  station  engineer  may  require  to  carry  out, 
I  think  that  300,000  ohms  may  be  taken  as  a  standard  value  for  fakly 
good  distilled  water.  I  have,  indeed,  had  samples  of  water  from 
surface  condensers  of  this  value.  Given  such  a  liquid  (which  cannot 
usually  be  obtained  from  a  pharmaceutical  chemist)  curves  such  as 
that  given  in  Fig.  i  may  be  obtained  for  any  variety  of  circulating 
water  passing  through  a  condenser.  Then  if  a  hot  well  water  gives  a 
relatively  low  resistance  owing  to  the  presence  of  impurities  it  is 
obvious  that  these  must  be  due,  as  the  authors  point  out,  either  to  a 
leaking  surface  condenser  or  to  boiler  priming.  It  is,  moreover,  possible 
to  determine  which  of  these  causes  is  accountable.  If  during  times  of 
Hght  load,  when  the  condenser  is  deahng  with  small  quantities  of  steam, 
the  resistance  is  lower  than  when  larger  quantities  of  steam  are  d.ealt 
with,  it  is  obvious  that  the  condenser  is  leaking.  But  if  with  an  increas- 
ing load  the  resistance  of  the  hot  well  water  falls,  priming  is  the  obvious 
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cause.    The  preparation,  then,  of  a  comparative  curve  giving  the  rela-  Mr.  Digby. 
tioa  between  resistance  and  varying  proportions  of  the  water  actually 
in  the  boiler  in  standard  distilled  water  will  enable  the  amount  of 
priming  to  be  determined. 

As  regutls  the  allowance  to  be  made  for  temperature,  I  do  not  think 
that  even  for  practical  purposes  it  suffices  to  accept  a  percentage  reduc- 
tkxi  oi  the  resistance  over  a  range  of  70°  F.  from  60°  F.  I  find  that  the 
percentage  fall  of  resistance  from  that  of  any  initial  value  is  much 
greater  between  20*  C.  and  40»C.  than,  say,  between  40»C.  and  60°  C, 
and  that  in  any  case  the  percentage  amount  of  the  fall  varies  with  the 
initial  parity  of  the  liquid. 

Mr.  R.  K.  MoRCOM  (in  reply) :  One  of  the  criticisms  on  the  water  iJ'- 
resistance  has  been  the  nsk  of  receiving  a  shock  from  the  water. 
I  have  never  experienced  any  trouble  of  this  kind.  The  necessary  pre- 
cautions are  quite  simple.  There  are  objections  to  using  the  hot  testing 
water  in  boilers.  Ordinary  canal  water  will  require  to  be  softened 
before  it  can  be  used  in  this  way,  and  by  the  time  it  has  passed  through 
the  water  softeners  it  will  have  lost  a  great  deal  of  heat.  If  the  water 
were  softened  previously  it  would  not  be  so  suitable  for  testing,  and  any 
vaate  would  be  expensive  on  account  of  the  chemicals  used.  I  have 
caref oily  considered  the  question  of  utilising  the  power  usually  wasted 
in  the  tc&t-room.  It  seems  to  be  a  chance  of  making  the  customer  pay 
for  the  works  power  supply.  But  there  are  many  difficulties  in  the  way. 
Teats  are  carried  out,  using  all  sorts  of  pressures  and  currents,  and  at 
odd  tzmea.  There  will  t>e  considerable  expense  involved  in  the  upkeep 
<d  the  special  plant.  The  sjrstem,  and  particularly  the  connections,  will 
be  most  complicated  to  work  out  and  to  use.  It  would  necessitate  the 
speoding  of  a  large  sum  of  money,  and  on  the  very  best  showing  I  have 
foood  that  it  would  only  be  possible  to  make  an  inadequate  percentage 
oa  the  capital  expenditure.  Mr.  Chattock  said  that  he  had  trouble 
owing  to  the  liability  of  wooden  tanks  to  fire.  Just  before  he  had 
expressed  the  opinion  that  a  drop  of  600  volts  per  foot  was  not  so  much 
as  might  be  employed.  In  my  experience  it  is  only  by  using  a  moderate 
drop  per  foot  d  water  that  it  is  possible  to  avoid  charring  the  wood  of 
the  tank.  The  objection  to  the  porcelain  tanks  of  which  Dr.  Kapp  has 
spcdccn  is  mainly  that  of  expense.  Wooden  tanks  have  the  advantage 
of  being  cheap.  For  instance,  on  the  site  a  good  temporary  tank  can  be 
made  ocst  of  a  good  packing  case  by  simply  caulking  up  the  joints.  Dr. 
Kapp  has  also  suggested  that  a  water  resistance  acts  like  a  capacity.  In 
oar  tests  we  have  noticed  this,  as  we  found  it  necessary  to  use  a  small 
amoant  of  induction  in  conjunction  with  the  water  load  in  order  to  get 
onity  power  factor.  But  I  have  not  attached  much  importance  to  it,  as 
tbe  accuracy  of  the  readings  has  been  questioned.  I  do  not  believe 
th-a  tbe  factory  inspectors  will  take  exception  to  the  insulated  tank. 
Tbcy  really  have  a  very  good  earth  in  the  overflow  water  flowing  into 
the  canaL 

Dr.  D.  K.  Morris  (fit  reply) :  I  have  to  express  our  thanks  to  the  Dr.  ifoRte. 
members  for  their  interest  in  the  paper.    Mr.  Coales  has  drawn  attention 
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Dr.  Morris,  to  the  wave-form  of  the  current  taken  from  the  alternator  by  a  choking 
coil  of  a  new  type,  and  has  suggested  that  this  is  of  an  unusual  shape. 
Dr.  Sumpner  has  explained  how  this  does  not  mean  a  wave  di£fering 
materially  from  a  sine  wave.  It  is  of  great  importance  that  the  inductive 
load  shall  not  produce  a  different  kind  of  load  from  that  occurring  in 
practice.  Considering  that  only  3  or  4  per  cent,  of  the  current  wave  is 
sufficient  to  bring  the  flux  over  the  knee  of  the  saturation  curve,  it  will 
be  seen  that  practically  the  whole  of  the  current  wave  corresp>onds  to 
the  region  of  low  permeability  where,  as  is  well  known,  the  variations 
of  permeability  are  not  great.  Thus,  except  for  small  initial  delay,  the 
current  wave  is  not  far  from  being  such  that  its  rate  of  change  is  a 
copy  of  the  volt  wave,  and  the  reactions  in  the  generator  for  which  the 
test  is  being  carried  out  are  therefore  entirely  normal.  A  slight  dis- 
tortion of  wave-shape  is,  however,  quite  proper  in  such  tests,  for  this 
will  occur  in  practice  when  a  load  of  bad  power  factor  arises. 

Communicated  :  The  construction  shown  by  Mr.  Kemp  in  his  figure  is 
interesting.  There  does  not,  however,  appear  to  be  any  need  for  the 
central  construction,  as  the  metal  tank  all  round  serves  as  a  more  effec- 
tive neutral  than  the  central  portion.  Mr.  Kemp  asks  for  the  specific 
resistance  in  terms  of  a  foot  cube.  Although  it  is  not  generally  an  accepted 
standard,  yet  it  is  certainly  useful,  and  we  have  added  this  to  the  figures 
given  on  page  138.  We  think  that  the  further  figure  for  which  he  asks — 
namely,  the  resistance  between  square  foot  plates  in  a  tank — is  quite  use- 
less, as  it  neglects  the  great  influence  of  the  width  of  the  tank  and  the  dis- 
tance of  the  plates  from  the  walls  as  pointed  out  in  the  paper.  Mr.  Kemp 
further  points  out  the  importance  of  artificial  load  as  an  adjunct  to  the 
plant  in  a  station.  He  states  it  to  be  expensive.  This  is  just  why  we 
advocate  wooden  tanks  in  our  paper.  That  such  an  arrangement  is  by 
no  means  of  a  temporary  character  is  shown  by  the  fact  that  wooden 
tanks  made  several  years  ago  have  been  in  almost  daily  use  on  Messrs. 
Belliss  and  Morcom's  test  plate  for  three  years,  and  are  still  doing  good 
work.  In  his  further  remarks  Mr.  Kemp  might  even  have  said  that  it  was 
impossible  to  use  canal  water  in  metal  tanks  at  all,  except  for  enormous 
loads,  if  the  voltage  were  anything  but  low.  His  experience  of  reducing 
the  load  to  40  k.w.  by  reducing  the  immersed  area  of  electrodes  is  quite 
contrary  to  our  experience.  The  water  area  being  so  large,  the  small 
local  increase  of  resistance  by  withdrawing  the  plates  should  not  greatly 
influence  the  total  resistance. 

Mr.  Chattock,  in  his  remarks,  gave  figures  for  the  Victoria  Street  water 
(New  River),  which  appear  to  work  out  at  a  specific  resistance  of  about 
250  ohms  per  centimetre  cube.  The  experience  with  metal  tanks  is  in- 
teresting, as  the  resistance  with  two  rods  will  certainly  not  be  double 
that  with  one  rod  ;  and,  as  he  calls  it  practically  a  short  circuit  in  the 
one  case,  it  could  not  be  far  removed  from  a  short  circuit  in  the  other. 
The  deterioration  of  wooden  tanks  was  generally  due  to  imperfect 
construction,  the  proper  method  of  making  these  being  given  in  the 
paper. 

The  personal  danger  anticipated  by  Mr.  Forrest  from  adjusting  a 
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ht^-tcnsion  load  is  small  if  due  precaation  is  taken,  but,  of  course,  the  ^-  MotrU. 
I^rcatest  care  must  be  observed  and  only  authorised  persons  should  be 
allowed  to  have  access  to  the  load. 

Mr.  Rosher  evidently  wishes  to  return  to  wire  resistances.  We  are 
not  inclined  to  share  these  views. 

The  qoestion  of  earthing  or  not  earthing  the  tank  is  most  important. 
It  has  been  referred  to  by  several  speakers.  We  have  found  that  one 
earth  through  the  water  outlet  must  exist,  and  it  is  better  not  otherwise 
to  earth  the  tank.  And  if  the  floor  of  the  platform  is  efficiently  insulated, 
25  when  covered  by  a  good  rubber  mat,  and  if  it  is  so  placed  as  to 
prrrent  access  to  the  water  outlet,  there  is  no  danger  to  a  qualified 
operator.  The  need  of  an  inductive  load  in  addition  to  a  water  load  has 
been  brought  home  to  us  by  the  troubles  which  have  occurred  with 
exciters  of  alternating  sets  through  overheating  when  the  generator  was 
working  on  an  inductive  load.  On  a  non-inductive  load  such  exciters 
woald  t>c  passed  as  satisfactory,  but  they  would  afterwards  cause  trouble 
on  sate.  Stray  losses  in  armature  and  pole  pieces  of  generator  arc  also 
frequently  excessive  on  inductance  load. 

Among  a  number  of  interesting  figures  we  note  that  Mr.  Davis  con- 
finned  the  apparent  existence  of  capacity.  Further  accurate  measure- 
ments to  clear  up  this  debated  point  would  be  serviceable. 

The  apparatus  described  by  Mr.  Kecr  has  several  suggestive 
features,  but  for  convenient  testing  we  are  not  in  favour  of  using 
chemical  solutions  other  than  such  as  naturally  come  in  canal  water  or 
other  abundant  supply.  Special  chemicals  would  necessitate  cooling 
arrangements. 
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RULES    OF    THE    SOCIETY    OF    GERMAN 
ELECTRICAL    ENGINEERS,    1908. 

By  W.  P.  STEINTHAL,  M.Sc,  Associate  Member. 

(Paper  reuived  from  the  Leeds  Local  Section,  January  20,  and  read 
at  Leeds  on  March  19,  1908.) 

During  the  summer  of  last  year  I  was  led  to  consider  whether  it 
was  possible  to  take  any  steps  to  effect  an  improvement  in  electric 
installation  work,  more  particularly  as  regards  the  cost  of  erection. 
Visits  to  the  Continent,  notably  Germany  and  Switzerland,  made  me 
consider  whether  the  methods  employed  in  this  country  for  the  wiring 
of  buildings,  for  electric  light  and  power,  were  in  any  way  handicapping 
the  industry  through  the  actual  cost  of  installation,  and  I  therefore 
decided  to  make  some  inquiries  into  this  subject  in  the  countries  to 
which  I  have  referred.  Beyond  the  general  conclusions  at  which  I 
arrived,  I  do  not  propose  to  deal  with  these  costs,  as  an  exhaustive 
comparison  would  be  quite  sufficient  in  itself  to  form  the  basis  of  a 
paper  for  this  Institution.  In  the  course  of  my  inquiry,  however,  my 
attention  was  directed  to  the  rules  for  electric  installation  work  drawn 
up  by  the  Society  of  German  Electrical  Engineers  (Verband  Deutscher 
Elektrotechniker),  which  rules,  I  believe,  are  universally  adopted  in 
Germany  by  those  responsible  for  installation  work.  As  it  cannot  be 
denied  that  electricity  both  for  light  and  power  is  more  in  general  use 
in  Germany  than  in  this  country,  it  struck  me  that  it  might  be  useful 
if  these  rules  were  brought  to  the  notice  of  the  members  of  the 
Institution  of  Electrical  Engineers  and  were  compared  with  the 
regulations  in  force  in  this  country. 

I  propose,  therefore,  to  put  before  the  members  a  translation  of  these 
rules,  to  make  a  comparison  with  the  rules  of  the  I.E.E.,  and,  finally,  to 
make  a  few  comments  on  the  main  points  of  difference  which  strike  me 
as  of  importance.  The  rules  of  the  V.D.E.  are  divided  into  two  por- 
tions, deaUng  respectively  with  high  and  low  tension,  but  I  propose  to 
confine  myself  to  low  tension,  omitting  the  V.D.E.  high-tension  rules. 

In  the  time  at  my  disposal  it  is  quite  impossible  for  me  to  deal  with 
the  complete  publication  of  the  Society  of  German  Electrical 
Engineers.    This  publication  is  divided  as  follows  : — 

1.  Rules  for  erection  and  installation  (Errichtungsvorschriften). 

2.  Rules  for  running  electric  installations  (Betriebsvorschriften). 

3.  Sundry  sets  of  rules  dealing  with  various  apparatus  as  regards 

type  and  method  of  manufacture. 
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The  foUowing  is  a  translation  of  the  first-named  section,  and  it  is 
thi^  act  of  mJes  with  which  I  propose  to  deal : — 

I.— SCOPE  OF  THE   REGULATIONS. 

The  following  regulations  hold  good  for  electric  installations,  or 
ports  of  same,  with  the  exception  of  underground  networks  of  con- 
ductor>,  electric  trams,  electrochemical  apparatus,  mines,  and  labora- 
torics.  for  which  there  are  special  regulations. 

I.  The  paragraphs  designated  by  letters  contain  fundamental 
rules  which  must  be  observed,  while,  on  the  other  hand,  the 
recommendations  for  installation  work  are  contained  in 
paragraphs  designated  by  figures.  The  latter  indicate  how 
the  rules  are  to  be  applied  in  the  customary  methods 
of  installation  so  far  as  no  special  reasons  exist  for  departure 
therefrom. 

A.    II.— DEFINITIONS. 

a.  *'  Low-tension  installations "  arc  those  in  which  the  effective  work- 
ing pressure  between  any  conductor  and  earth  cannot  exceed 
250  vxilts.  The  charging  pressure  in  the  case  of  accumulators  is 
the  pressure  to  be  taken  into  account. 

K  "  Fireproof  situations  "  are  those  which  cannot  be  ignited,  or  which, 
if  ignited,  cannot  maintain  combustion. 

f.  •'  Bare  conductors "  are  those  overhead  conductors  outside  any 
building  which  have  no  metallic  sheathing  or  other  protective 
covering. 

Installations  in  the  open  in  gardens,  courtyards,  in  build- 
ings, and  so  forth,  are  not  included,  so  long  as  the  distance  of 
the  point  where  protection  starts  is  not  greater  than  33  ft. 

J.  "Electric  power-rooms "  are  those  in  which  electric  machinery  or 
apparatus  is  installed,  and  into  which  only  authorised  persons  are 
admitted. 

€,  "  Closed  electric  power-rooms "  are  those  which  are  only  occasion- 
ally entered  by  authorised  persons,  but  which  are  usually  under 
lock  and  key,  and  can  only  be  opened  by  those  persons  who  are 
duly  authorised  to  enter. 

/.  **  Power  houses  **  are  those  which  contain  other  than  electric 
machinery  as  against  power-rooms,  and  which  are  not  regularly 
accessible  to  unauthorised  persons. 

/.  '^ Saturated  power-  or  work-rooms"  are  those  in  which  industrial 
processes  cause  chemical  deposits  or  chemical  action  which  will 
endanger  the  normal  insulation,  or  which  will  diminish  the 
resistance  of  the  bodies  to  earth  of  those  persons  engaged  therein. 

k.  ''Situations  in  which  there  is  danger  of  fire"  are  those  in  which 
easily  inflammable  material  is  stored  or  manufactured  or  used  for 
processes  of  manufacture,  or  in  which  inflammable  mixtures  of 
gases,  vapours,  dust,  or  fluff  may  occur. 
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2.  ''  Situations  in  which  there  is  danger  of  explosion  "  are  those  in 
which  explosive  material  is  stored,  used  for  process  of  manu- 
facture, or  manufactured. 

B.    III.— GENERAL  MEASURES  OF  PRECAUTION, 
a.  Protection  against  handling. 

Those  parts  which  are  under  pressure  against  earth,  and  which 
are  not  protected  by  insulating  material,  must  be  protected  so  as 
to  render  handling,  where  those  parts  are  accessible,  impossible. 
(For  exception  see  paragraph  XXVIII.  a.) 

1.  Earthing  consists  in  a  sound  connection  to  earth.    Arrange- 

ments must  be  made  so  that  the  local  conditions  at  the 
surface  produce  a  decided  and  safe  gradual  fall  of  potential. 

2.  As  earthplates,  plates,  convenient  networks  of  pipes,  bunches 

of  wires,  iron  construction,  rails,  etc.,  will  serve. 

3.  The  cross-section  of  earthing  conductors  must  be  proportioned 

with  due  regard  to  the  strength  of  the  possible  earth  current. 
The  smallest  cross-section  in  electric  power-rooms  is  to  be 
0*0248  sq.  in.  (16  sq.  mm.),  and  0*0062  sq.  in.  (4  sq.  mm.) 
elsewhere,  generally  for  copper  conductors  0*00155  sq.  in. 
(i  sq.  mm.)  for  every  10  amperes  may  be  reckoned. 

4.  The  earthing  conductors  must  be  protected  against  mechanical 

or  chemical  injury. 

IV. — Access  of  High-tension  Current. 

Special  precautions  must  be  adopted  to  prevent  or  render  innocuous 
an  access  of  high-tension  current  into  a  low-tension  circuit. 

I.  Precautions  may  include  earthing  or  short-circuiting  or  cut- 
out fuses,  or  similar  devices,  or  the  earthing  of  suitable 
points. 

V. — Condition  of  Insulation. 
Every  installation  must  have  a  definite  standard  insulation  value. 

1.  Measurements  of  insulation  should  be  made  with  the  pressure 

of  supply,  but  with  a  minimum  of  100  volts. 

2.  When  measuring  insulation  to  earth  with  direct  current,  where 

possible,  the  negative  pole  of  the  source  of  current  should 
be  connected  to  the  conductor.  When  insulation  measure- 
ment is  being  made  with  alternating  current,  the  capacity 
of  the  circuit  should  be  taken  into  consideration. 

3.  When  in  addition  to  the  measurement  of  insulation  between  a 

conductor  and  earth,  the  insulation  between  two  conductors 
of  different  potential  is  to  be  measured,  all  glow  lamps,  arc 
lamps,  motors,  and  other  current-consuming  apparatus  must 
be  disconnected,  and  all  fuses  inserted  and  switches  closed. 
Circuits  must  only  be  opened  at  one  point,  and  that  point 


190a:  GERMAN   ELECTRICAL  ENGINEERS,  1906.  169 

most  be  as  near  the  middle  as  possible.  The  insulation 
resistance  should  conform  to  the  conditions  laid  down  in 
paragraph  4  following. 

4.  The  insulation  condition  of  a  low-tension  installation  may  be 

considered  to  be  satisfactory,  excepting  that  portion  con- 
sidered in  paragraph  5,  if  the  leakage  current  of  any  portion 
between  the  fuses  or  behind  the  last  fuse,  when  using  the 
pressure  of  supply  for  the  exciting  current,  does  not  exceed 
I  miUiampere. 

The  value  of  the  insulation  resistance  of  such  a  portion  of  an 
installation  as  well  as  that  of  a  distributing  board  should  be 
at  least  1,000  ohms  x  the  pressure  of  supply.  The  measure- 
ment of  insulation  resistance  of  machines,  batteries,  trans- 
formers, is  not  included  above. 

5.  Bare  conductors,  as  well  as  those  portions  of  an  installation 

which  are  situated  in  damp  places  such  as  breweries,  dye- 
houses,  weaving-sheds,  etc.,  need  not  conform  to  the  con- 
ditions of  paragraph  4.  When  an  installation  consists  of  a 
portion  so  situated,  this  portion  should  be  disconnected,  and 
the  remainder  should  then  conform  to  paragraph  4. 

C.  YI.— MACHINES,  TRANSFORMERS,  AND  BATTERIES. 

Electric  Machines. 

«.  Electric  machines  must  be  so  erected  that  they  cannot,  whilst 
running,  set  fire  to  any  inflammable  material. 

VII. — Transformers. 

VI 1 1.— Ace  U  M  U  LATORS. 

<t.  Battery-rooms  arc  considered  to  be  closed  electric  f>ower-rooms. 

K  The  separate  cells  must  be  insulated  from  the  stands  by  means  of 
non-hygroscopic  supports,  and  the  stands  must  be  similarly  insu- 
lated from  earth. 

i. 

d.  Cells  must  t>e  so  arranged  that  the  attendant  cannot  simultaneously 

touch  two  points  between  which  the    difference  of    potential 

exceeds  250  volts. 
r.  Celluloid  may  not  be  used  outside  the  electrolyte  or  for  containing 

vessels  for  voltages  above  16, 
/.  For  the  lighting  of  t>attery-rooms  only  lamps  which  bum  in  vacuo 

are  permitted, 
jf.  Battery-rooms  must  be  well  ventilated. 

D.  IX.— S\\nTCH   AND  DISTRIBUTION   ARRANGEMENTS. 

a.  Switch    and    distribution  boards  must   be  mounted  on    fireproof 
material.    Wood  may  be  used  for  framing  and  cases. 
•  NoTt— Tlir  (urograi^  IHt  blank  rder  to  high  tcn»i(m. 
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b. 

c.  Switchboards  and  panels  which  are  accessible  from  the  back  must 

have  a  clear  space  sufficiently  high  and  broad  to  allow  of  free 
passage  behind. 

I.  The  distance  between  unprotected  portions  of  the  board 
carr3ring  current  and  the  wall  at  the  back  may  be  deemed  to 
be  sufficient  if  that  distance,  in  the  case  of  low  tension,  is 
approximately  39  in.  (i  metre).  If  both  sides  of  the  passage 
hold  unprotected  current-carrying  parts,  the  horizontal 
distance  from  board  to  wall  should  be  78  in.  (2  metres). 

d.  Switchgear  which  is  accessible  from  behind  must  be  so  arranged 

that  the  connections  of  the  conductors  can  be  inspected. 

1.  In  the  case  of  distributing  boards  which  are  not  accessible 

from  the  back,  the  conductors  should  be  connected  up  after 
the  board  is  fixed,  and  the  connections  so  arranged  that  they 
can  be  controlled  and  disconnected  from  the  front. 

2.  Distributing    boards    outside    power-rooms    which    are    not 

accessible  from  behind  should  be  so  arranged  that  foreign 
bodies  cannot  come  in  contact  with  those  portions  which 
carry  current. 

e.  The  fuses  and  also  the  switches  on  boards  must  be  labelled  showing 

the  rooms  and  groups  of  apparatus  they  control. 

4.  In  the  case  of  boards  accessible  from  the  back,  the  polarity  of 
the  busbars,  etc.,  should  be  shown. 


E.    X.— APPARATUS. 
General. 

a.  The  outer  current  carrying  portions  of  apparatus  must  be  fixed  on 

fireproof  bases. 

1.  For  description  of  bases  for  switches,  plugs,  and  in  power- 

rooms,  see  paragraphs  XII.  (i),  XIII.  (i),  and  XXXIII.  (i). 

b.  The  apparatus  must  be  proportioned  so  as  to  prevent  overheating 

with  the  heaviest  rated  current  of  the  circuit. 

c.  All  apparatus  must  be  constructed  or  erected  so  as  to  prevent  any 

possibility  of   injury  to  the  person  from  sparks  or  hot  molten 
metal  or  excess  currents. 

d.  Apparatus  must  be  constructed  and    erected  so  that  there  is  a 

sufficiently  good  insulation  between  the  connecting  conductors 
and  neighbouring  parts  of  the  building. 

2.  Care  must  be  taken  in  the  construction  of  the  apparatus  to 

prevent  the  handling  of  current-carrying  portions. 

3.  For  handles  and  coupling  bars  wood  may  be  used. 
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XL— Switches. 

tf.  AU  switches,  which  serve  to  break  circuit,  must  be  constructed  so  as 
to  prevent  the  maintenance  of  an  arc. 

1.  Switches  shoold  have  a  quick  break. 

2.  Switches  shonld  be  placed  in  the  apparatus  itself  or  in  a  fixed 

conductor. 

b.  The  nominal  working  current  and  pressure  should  be  marked  on  the 

switch. 

c.  The  parts  of  accessible  switch  covers  and  handles  which  are  not 

earthed  must  be  made  of  non-conducting  material,  or  must  be 
fitted  with  a  durable  insulating  shield. 

d.  Switches  for  circuits  must  open  each  pole  of  a  circuit  which  is  under 

pressure  to  earth ;  switches  for  low  tension  which  control  small 
groups  of  incandescent  lamps  need  not  conform  to  this  rule. 

3.  By  small  groups  of  incandescent  lamps  are  meant  those  which 

are  fused  up  to  6  amperes,  as  in  paragraph  XIV.  (7),  and 
which  contain  not  more  than  15  lamps  in  parallel 

r.  Neutral  conductors  and  earth  conductors  must  contam  no  switches, 
or,  if  unavoidable,  the  switches  must  be  coupled  together  with 
those  in  the  other  conductors.  (For  exception,  see  paragraph 
XXVIII.  tf.) 

XII. — Controllers  and  Resistances. 

m.  Controllers  and  resistances  in  which  the  circuit  may  be  broken 
must  be  so  constructed  that  no  arc  is  maintained  in  ordinary  use. 

K  The  use  of  special  switches  (see  paragraph  XI.  d)  is,  in  the  case  of 
controllers  and  resistances,  only  necessary  when  the  controllers 
do  not  themselves  cut  off  each  pole. 

I.  Impregnated  wood  without  any  oil-bath  may  be  used  for  the 
covcn»  of  controlling  switches,  etc.,  for  pressures  up  to 
1,000  volts  except  in  rooms  which  contain  corrosive  fumes. 
(See  paragraph  XXXIII.  (i).) 

3.  The  current-carrying  parts  of  controllers,  resistances,  and 
beating  apparatus  should  be  protected  with  a  cover  of  fire- 
proof material ;  controllers,  resistances,  and  heating  apparatus 
should  be  mounted  on  fireproof  material  standing  free,  or 
mounted  on  fireproof  walls  sufficiently  far  away  from  any 
inflammable  material. 

XIIL— Sockets  and  Plugs, 

a  Plugs  for  the  connection  of  movable  conductors  must  be  so  con- 
stmcted  that  they  do  not  fit  sockets  made  for  a  higher  current 
strength.  The  normal  current  capacity  and  pressure  should  be 
marked  on  the  socket  and  on  the  plug. 
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1.  For  plugs  for  low  tension  up  to  20  amperes  vulcanite  or  similar 

material  may  be  used  for  the  bases  on  whicfi  are  mounted 
the  current-carrying  portions,  provided  the  situation  is  dry 
and  there  is  no  possibility  of  heating  from  outside  sources. 

b.  The  necessary  fuses  may  not  be  fixed  in  the  movable  portions. 

2.  When  portable  apparatus  is  to  be  connected  the  socket  must 

be  connected  to  the  conductor  and  the  plug  to  the  apparatus, 
c. 

XIV. — Safety  Fuses. 

a.  Fusible  cut-outs  and  automatic  cut-outs  must  be  so  proportioned 

and  installed  that  the  conductors  which  they  protect  cannot  over- 
heat ;  they  must  be  so  arranged  that  they  break  current  without 
maintaining  an  arc. 

1.  The  strength  of  the  safety  fuse  must  be  proportioned  to  the 

current  carried  by  the  conductor  which  it  controls ;  it  must 
not  be  larger  than  shown  in  the  table  and  regulation  of 
paragraph  XX. 

2.  Fusible  cut-outs  must  be  made  of  soft  flexible  metal,  must  not 

be  connected  direct  to  the  fuse  terminals,  but  must  be 
soldered  to  contact  pieces  of  copper  or  similar  metal. 

3.  Fusible  cut-outs  which  cannot  be   made  dead    must  be   so 

constructed  and  arranged  that  they  can  be  taken  out  or 
replaced  either  with  or  without  tools  by  the  person  in 
charge. 

b.  Fusible  cut-outs  for  small  low-tension  currents  must  be  so  con- 

structed that  the  insertion  of  a  fuse  for  too  high  a  current 
strength  is  impossible.    (For  exception  see  paragraph  XXVIII.  h,) 

4.  By  small  currents  is  meant  those  up  to  30  amperes,  but  for 

currents  under  6  amperes  non-interchangeability  is  un- 
necessary. 

c.  The  normal  current  capacity  and  maximum  voltage  must  be  marked 

on  the  fuse  carrier. 

d.  Conductors  must  be  protected  by  fusible  or  automatic  cut-outs. 

(For  exception  see  g  and  //). 

5.  In  the  case  of  low  tension  the  fuses  should  be  placed  in 

accessible  positions,  and  as  far  as  possible  grouped. 

e.  Fuses  must  be  inserted  at  all  points  where  the  cross-section  of  the 

conductor  is  diminished ;  the  fuse  must  be  placed  as  near  as 
possible  to  the  point  of  reduction  of  cross-section. 

6.  In  the  case  of  tappings  off  a  main,  the  fuse  for  the  tapping  may 

be  connected  to  the  main  with  a  conductor  of  the  cross- 
section  of  the  tapping  provided  that  the  fuse  is  not  more 
than  39  in.  from  the  main  and  provided  the  conductor  is 
protected  from  any  inflammable  material  and  is  not  a 
multiple  conductor. 
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t.  UTicn  reducing  cross-scctioa  in  all  cases  where  the  fuse  protects  the 
smaller  coodoctor,  no  farther  fuses  are  necessar>'. 

7.  In  the  case  of  low  tension  several  tappings  may  be  protected 
by  one  fuse  up  to  a  maximum  of  6  amperes,  and  in  the  case 
of  further  tappings  or  branches  it  is  unnecessary  to  fuse 
again;  in  the  case  of  larger  fittings  for  electric  light  in 
exceptional  cases  common  fuses  may  be  used  up  to  a 
maximum  of  10  amperes  pro\*ided  the  pressure  does  not 
exceed  125  volts. 

/.  Earthed  coodnctors  must  generally  contain  no  fuses. 

A.  The  rules  for  fuses  do  not  apply  to  conductors  on  switchboards  or 
to  the  connecting  leads  between  machines,  transformers,  cells, 
Nwitcht>oards  etc.,  nor  in  cases  where  the  melting*  of  a  fuse  can 
caose  danger  in  working. 

XV.— 

F.    XVI.— LAMPS  AND  ACCESSORIES. 
Holders  and  Incaxdescext  Lamps. 

a.  The  current-carrying  parts  of  holders  must  be  mounted  on  fireproof 
material  and  must  be  protected  with  a  fireproof  cover  which  can- 
not come  in  contact  with  the  circuit. 

I.  Materials  which  are  inflammable  or  hygroscopic,  or  which 
materially  change  their  form  when  heated,  should  not  be 
used  in  any  part  of  a  holder.    (Compare  paragraph  X.) 
^. 
tf.  The    current-carrying  parts  of  a  lamp  must  be    protected   from 

accidental  handling. 
d.  Glow  lamps  in  the  neighbourhood  of  inflammable  material  must  be 

protected  by  a  cover  which  prevents  contact  of  the  lamp  with 

Mich  material. 
r. 

XVI L— Arc  Lamps. 

tf.  In  pbces  where  the  falling  of  hot   pieces  of  carbon  can  cause 
danger,  arrangements  must  be  made  to  prevent  this  ;  in  the  case 
of  enclosed  arc  lamps,  no  special  arrangements  need  be  made. 
6.  The  cases  of  arc  lamps  must  be  insulated  from  the  current-carr3ring 
parts  and  from  the  hangers. 

I.  Leading  in  holes  for  the  conductors  for  lamps  and  lanterns 
mu<»t  be  arranged  so  as  to  prevent  any  possibility  of  damage 
to  the  insulation  of  the  conductor ;  further,  in  the  case  of 
lamps  and  lanterns  for  outside  lighting,  care  must  be  taken 
to  prevent  water  getting  in. 
<.  In  cases  where  the  conductors  serve  the  purpose  of  hangers  for  the 

arc  Jamps,  there  most  be  no  pull  on  the  terminals. 
d. 
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XVIII.— Fittings,  Pendants,  and  Hand  Lamps. 

a.  On,  or  in,  fittings  conductors  must  only  be  used  with  a  waterproof 
covering  of  the  corresponding  kind  specified  for  a  particular 
pressure. 

If  the  conductors  run  on  the  outside  of  the  fitting,  they  must  be 
rigidly  fastened  and  so  arranged  that  they  cannot  be  damaged  by 
sharp  edges. 

1.  The  bore  of  the  tubes  of  fittings,  which  are  to  carry  conductors, 

must  be  large  enough  to  allow  of  the  conductors  being 
drawn  through  without  damage.  The  smallest  permissible 
bore  for  two  wires  in  the  case  of  low  tension  is 
(6  mm.)  0*236  in. 

2.  In  the  case  of  low  tension,  tappings  must  be  placed  in  central 

positions. 

3- 

4.  Fittings  must  be  so  erected  that  the  leading-in  wires  cannot  be 

damaged  by  the  movement  of  the  fitting.     Holders  must  be 

positively  fastened  to  the  fitting. 

b. 

c.  If  the  weight  of  the  fitting  is  carried  by  the  conductor,  the  point  of 
attachment  of  the  conductor  to  its  ceiling  plate  must  have  an 
arrangement  so  that  there  is  no  pull  on  the  terminals. 

d, 

e.  For  hand  lamps  whose  outer  cover  is  of  metal  unearthed,  the 

following  rules  are  to  be  observed  : — 

The  outer  portion  of  the  holder  must  be  made  of  insulating 
material,  and  the  current-carrying  portions  protected  against 
handling. 

The  handles  must  be  of  insulating  material.  Internal  metal 
parts  of  the  handle  must  not  project  through  the  leading-in 
passage  for  the  conductors. 

The  leading  in  of  the  flexible  conductor  must  be  so  arranged 
that  even  rough  handling  does  not  cause  a  break  at  the  point  of 
entrance. 

If  the  lamp  is  not  fitted  with  a  guard,  hanging  hook,  or  ring,  it 
must  be  attached  to  an  insulating  base. 

f.  Switch  holders  are  not  permitted  for  hand  lamps. 
g- 


G.    XIX.— TYPE  OF  CONDUCTORS  AND  INSTALLATION. 
Type  of  Conductor. 

Where  bare  conductors  are  not  admissible,  the  conductors  must  be 
covered  with  insulation  whose  durability  and  insulating  properties 
conform  with  the  rules  previously  given. 
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I.  Below  arc  di£Ferent  types  of  conductors  for  which  particular 
rules  hold  good  : — 

Bare  conductors  (including  those  only  protected  against 
chemical  action). 

Rubt>er  covered  conductors,  only  to  be  used  for  erection 
on  the  surface  of  plaster  in  dry  situations  for  pressures  up 
to  125  volts. 

\rulcanised  rubber  conductors  (conductors  with  water- 
proof insulation)  to  be  used  for  erection  with  pressures  up 
to  1,000  volts,  if  in  plaster  only  in  tubes,  and  for  portable 
apparatus  for  pressures  up  to  500  volts. 

Vulcanised  rubber  flexible  conductor,  to  be  used  for 
installation  up  to  1,000  volts  and  for  portable  apparatus 
up  to  500  volts. 

Fittings  wire  for  wiring  fittings  up  to  250  volts. 

Pendant  flexibles  for  pendants  up  to  250  volts  (and 
sundry  special  conductors). 

XX. — Proportions  for  Conductors. 

Electric  conductors  must  be  proportioned  in  accordance  with  the 
regulations,  and  so  that  they  have  sufficient  mechanical  strength  in 
each  case  and  cannot  heat  unduly. 

I.  Insulated  copper  conductors  not  laid  underground  must  not 
be  loaded  for  any  length  of  time  beyond  the  current  density 
given  in  table  below. 


Croi»-«ectioa. 


x-oo 

150 
2-50 

f^ 

O'OO 
10*00 

16-00 
2500 

3500 

50*00 
70*00 

95-00 

lao'oo 
150*00 
240-00 
500*00 


Sq.tn 
O'OOI  16 

0-00155 
0*00233 

000388 

000620 
0-00930 
o*oii6o 
0*02480 
0-03875 

^•05425 
007750 
0-10850 

014725 
0*18600 
023250 
037200 
077500 


Amperes. 


9 
II 

14 
20 

25 
31 
43 
75 
100 

>25 
160 
200 
240 
280 
32s 
450 
760 


Corresponding  Cross-aection  in 

Square  InchetjRlven  for  the 
Current  in  I.E. E.  Knles,or  nearest 

0*00424 

000554 

0*00783 

(21) 

0*01250 

27) 

0*01700 

(33) 

0*02200 

(40) 

0*02800 

0*06000 

(108) 

0*09400 

('30) 

(>S7) 

0*11700 

0*I5CKX> 

0*20000 

(»38) 

0*25000 

0*30000 

(320) 

0*35000 

0-55000 

r 00000 

N.R— Figures  in  pareathe%i4  give  the  actual  I.E.E.  current 


176  STEINTHAL  :  RULES  OF  THE   SOCIETY  OF     [March  19th, 

Bare  copper  conductors  up  to  0*0775  sq.  in.  (50  sq.  mm.) 
must  conform  to  the  above  rules.  They  do  not,  however, 
apply  to  bare  conductors  and  aerial  conductors  of  copper 
above  0*0775  sq.  in.  These  must  be  proportioned  so  that 
when  the  maximum  possible  current  is  flowing  they  cannot 
assume  a  temperature  dangerous  to  themselves  or  their 
surroundings. 

2.  For  intermittent  work  a  higher  current  density  is  permissible 

than  that  given  in  the  table  so  long  as  there  is  no  undue 
heating  beyond  what  would  take  place  with  the  current 
density  given  in  that  table. 

3.  The  smallest  permissible  cross-section  for  copper  conductors 

is  as  follows  : — 

For  conductors  on  or  in  fittings,  o'ooi  16  sq.  in.  (0*75  sq.  mm.). 

For  insulated  conductors  in  tubing  or  on  insulators  spaced 
not  more  than  39  in.  apart,  0*0015  sq.  in.  (i  sq.  mm.). 

For  bare  conductors  in  buildings,  also  for  insulated  con- 
ductors in  buildings  or  in  the  open  where  the  points  of 
support  are  greater  distance  apart  than  39  in.,  0*0062  sq.  in. 
(4  sq.  mm.). 

For  aerial  conductors,  low  tension,  0*0093  sq.  in.  (6  sq.  mm.). 

4.  In  the  case  of  conductors  of  other  material  than  H.C.  copper 

the  cross-section  must  be  so  selected  as  regards  strength 
and  current  density  as  to  be  equivalent  to  the  above  rules 
for  the  particular  metal  or  alloy  to  be  used. 

XXI.—General  Rules  for  Erection  of  Conductors. 

a.  Fixed  conductors  must  be  protected  from  mechanical  damage 
either  by  their  situation  or  sheathing.  Conductors  whose 
potential  is  above  that  of  the  earth  and  which  are  within  reach 
of  the  hand  must  have  a  special  protective  covering.  (For  ex- 
ceptions see  paragraph  VIII.  d,  XXVIII. ^,  and  XXX.  a.) 

I.  The  metal  cover  of  armoured  lead  cables  serves  as  sufficient, 
protection.    In  the  case  of  low  tension,  conduits  serve  as 
sufficient  protection. 
b. 

c.  Portable  and    movable    conductors  which    are    tapped    ofiE    fixed 

conductors  only  require  special  protection  against  rough  usage. 

d.  Earthed  conductors  may  be  fixed  direct  to  buildings  or  in  the 

ground,  nevertheless  they  must  be  protected  from  damage  caused 
by  the  supports,  etc. 

3- 

e.  Unearthed  bare  conductors  must  only  be  carrie(f  upon  reliable 

insulators. 
/.  Unearthed  bare  conductors  must  be  kept  a  certain  distance  from 
the  buildings  or  any  ironwork  according  to  the  length  of  span, 
strength  of  conductors,  and  pressure. 
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4.  Unearthed  bare  conductors  should,  as  a  general  rule,  be  kept 

8  in.  from  one  another  in  the  case  of  20  ft  and  over  spans, 
6  in.  in  the  case  of  13  to  20  ft.  spans,  4  in.  in  smaller  spans  ; 
in  every  case,  however,  the  distance  from  the  building  must 
be  3  in.    (Compare  paragraph  XXXI.  (2).) 

5.  In  the  case  of  connectors  between  cells,  machines,  switch- 

boards, and  on  switchboards,  and  also  in  the  case  of  all 
regulating  conductors,  feeders,  and  distributing  conductors, 
heavy  copper  tmsbars  and  wires  may  be  erected  closer 
together. 

Smaller  distances  between  conductors  are  only  allowable 
when  there  is  a  reliable  insulating  distance-piece  at  intervals 
of  not  more  than  39  in. 

g.  Insulated  conductors  may  be  run  open  on  insulators  or  laid  in  tubes. 

8.  Conductors  should,  as  a  general  rule,  be  erected  so  that  they 

can  be  altered.    (Compare  paragraph  XXVI.  (2).) 
{>.  Insulated  conductors  erected  open  must  be  separated  in  the 
case  of  low  tension  at  least  \  in.  from  one  another,  and  when 
in  buildings  {  in.  from  the  wall. 
10.  Rubber-covered   conductors  (§  XIX.,  i)  should  only  be  laid 
in  tubes  atwve  the  plaster.    Vulcanised  rubber  conductors 
may  be  laid  in  insulating  or  metal  tubes  under  plaster. 
It.  Insulated  conductors  with  metallic  protection,  which  are  used 
for  connecting  up  machinery  and  apparatus  in  dry-rooms  or 
in  the  open,  so  long  as  they  are  under  permanent  supervision 
(such  as  cranes,  travellers,  etc.),  may  be  connected  directly 
to  walls  or  frameworks  with  saddles. 
12.  In  cases  where  the  bunching  of  conductors  is  unavoidable 
(such    as  regulating   rheostats,  etc.),  conductors   may  be 
connected  so  that  they  can  move  so  long  as  they  cannot 
materially  alter  their  position. 
"3- 
k.  Conductors  or  cables  for  single-  or  multiple-phase  currents  which 
have  a  metallic  sheath,  or  are  laid  in  iron  conduits,  must  have 
the  various  conductors  of  the  circuit  under  a  single  metallic  cover- 
ing, care  being  taken  that  in  other  respects  they  are  not  subject 
to  chance  of  dangerous  overheating. 
i«  Jointing  of  conductors  or  tappings  o€F  conductors  may  only  t>e  made 
by  soldering,  binding  screws,  or  similar  connections. 

14.  Connection  of  conductors  to  apparatus  machines,  busbars, 
and  current-consuming  devices  must  be  made  with  screws 
or  similar  contrivances.  Flexiblcs  or  wire  cords  up  to 
010093  sq.  in.  (6  ^q.  mm.)  and  single  wire&  up  to  0*039  ^-  ^^ 
\25  sq.  mm.)  cross-section  of  copper  may  be  fastened  w\th 
cyc^  Cords  above  0*0093  **!•  *°'  ^md  wires  over  0*039  sq.  in. 
miut  be  fa*»tcncd  to  cable  sockets.  In  the  case  of  all  kinds 
Vol.  41.  13 
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of  flexible  cords,  the  single  strands  of  the  conductor  when 
they  are  not  fixed  into  cable  sockets  should  be  soldered 
together  at  the  ends. 

15.  Jointing  of  flexible  cords  to  one  another  or  tappings  o£E  should 

be  made  with  binding  terminals  mounted  on  insulating 
bases.  In  and  on  fittings  solder  is  permissible  for  low- 
tension  work. 

k.  When  jointing  or  tapping  insulated  conductors  the  joint  should  be 

insulated  as  far  as  possible  to  the  same  extent  as  the  conductor 

itself. 
/.  Movable  conductors  should  only  be  jointed  up  to  fixed  conductors 

with  detachable  connectors, 
m.  Only  one  movable  conductor  may  be  connected  to  a  single  plug. 

Tappings  o£F  and  lengthenings  of  movable  conductors  may  only 

be  made  with  properly  designed  multiple  plugs. 
«.  The  crossings  of  current-carrying  conductors  must  be  made  so  as 

to  prevent  contact  one  with  the  other. 
0,  Precautions  must  be  taken  to  prevent  a  low-tension  conductor  being 

endangered  by  a  high-tension  conductor. 

16.  Government  regulations  for  the  protection  of  telephone  and 

telegraph  wires. 

XXII. — Aerial  Conductors. 

a.  Unearthed  aerial  conductors  may  only  be  run  on  porcelain  bells  or 

similar  arrangements. 
6.  Aerial  conductors  and  apparatus  connected  thereto  must  be  erected 

so  as  to  be   inaccessible  without  special  ladders,  and  so  forth, 

to    people    standing    on    the    ground,    on    roofs,  outbuildings, 

windows,  etc. 
When  crossing  a  road  they  must  be  a  specified  height  above  the 

ground  or  they  must  have  a  special  method  of  protection. 


c. 

d.  Conductors,  guard  wires,  and  their  supports,  must  have  sufficient 

strength  (taking  also  into  consideration  wuid  pressure  and  weight 
of  snow). 

2.  Aerial  conductors  may  be  loaded  above  the  figures  of  table  in 

paragraph   XX.  (i)  so  long  as  their  mechanical  strength 
suffers  no  injury  from  the  load. 

3.  For  proportions  for  aerial  conductors  see  "  Rules  for  Aerials." 

e.  Aerial  conductors  must,  having  due  regard  to  the  generators,  motors, 

etc.,  connected  thereto,  be  protected  by  lightning  arresters  which 
after  a  discharge  return  to  their  normal  position,  ready  for  the 
next  discharge. 
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4-  When  difiFerent  phases  or  poles  are  protected  by  neighbouring 
arresters,  care  must  be  taken  that  there  is  no  possible  dan- 
gerous tension  between  the  earth  plates  which  could  affect 
a  person  walking  on  the  ground. 
f. 

X 

*.  When  aerial  conductors  run  parallel  with  or  across  other  conductors, 
proper  arrangements  must  be  made  to  prevent  danger  should 
they  come  into  contact  through  the  breaking  of  a  wire  and  for 
any  other  reason. 

t. 

k. 

L 

XXIII.— Installations  in  the  Open. 

A.  In  the  open  conductors  must  have  cut-off  switches. 

b.  Fixed  multiple  conductors  are  not  permissible  in  the  open. 

C- 

I.  Unprotected  conductors  in  the  open  must  be  guarded  to 
prevent  handling. 

3.  Unprotected  low-tension  conductors  in  the  open  must  be  so 

erected  that  they  cannot  be  touched  without  the  aid  of 
ladders,  etc 

3- 

4.  In  the  case  of  advertising  signs  and  similar  installations  the 

conductors  may  be  proportioned  for  the  largest  value  of  the 
current  consumed  by  the  device. 

5.  Apparatus  should,  as  a  general  rule,  not  be  erected  low  down, 

but  where  this  is  unavoidable  special  precautions  should 
be  taken  to  ensure  good  insulation  and  to  prevent  handling 
or  damage  from  weather. 

XXIV. — Conductors  in  Buildings. 

a.  In  living-rooms  unearthed  bare  conductors  are  not  permitted. 
h. 

c.  At    tapping-points   any  possible  drag   on    the   tapping    must    be 

counteracted. 
d^  Through  walls,  ceilings,  and  floors  the  conductors  must  be  protected 
against  damp,  mechanical  and  chemical  injury.  The  same  applies 
to  conductors  on  the  surface. 

1.  The  conductors  leading  through  ^h'alls,  etc.,  either  have  their 
protective  coverings  continuous  through  the  wall,  etc.,  or 
they  must  run  through  insulating  tul>es,  and  only  one 
conductor  may  be  run  through  one  tube. 

In  damp  rooms  the  tut)es  must  be  of  porcelain  or  similar 
material   whose  surface  does    not    allow   any  appreciable 
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leakage,  or  the  conductors  must  run  free  through  a  suitable 
conduit. 

Above  floors  the  tubes  should  project  at  least  4  in.  (lo  cm.) 
and  be  adequately  protected  from  mechanical  injury. 

XXV.— It^sulators,  etc. 

a.  Wood  supports  are  not  permitted. 

b.  Staples  are  only  permitted  for  earthed  conductors  and  so  long  as 

precautions  are  taken  to  prevent  mechanical  or  chemical  injury 
through  the  method  of  fastening. 

c.  Insulators  of  various  kinds  must  be  made  of  porcelain,  glass,  or 

similar  material. 
d. 
e.  Bells  insulators  must  be  erected  so  as  to  prevent  any  accumulation 

of  water. 
/.  Insulators  must  hold  the  conductors  a  sufficient  distance  apart  from 

one  another  and  from  the  building,  etc. 

1.  In  running  conductors  on  reels  along  the  wall  there  should 

be  a  point  of  support  at  least  every  32  in.  (80  cm.).  In 
running  on  ceilings  this  distance  may  be  increased  in 
special  cases. 

2.  Multiple  conductors  should  not  be  erected  so  that  individual 

cores  are  pressed  against  one  another.  Metal-binding  wire 
may  not  be  used  for  unarmoured  multiple  conductors. 

XXVI.— Conduits. 

a.  Papier-mache  conduits  must  have  a  metal  sheathing. 
6. 

c.  In  the  same  tube  only  conductors  belonging  to  the  same  circuit 

may  be  placed.  (Compare  paragraph  XXI.)  Exceptions  (see 
paragraph  XXVIII.  /)  are  permitted  in  the  case  of  switchgear  in 
power-rooms. 

d.  Joints  inside  conduits,  except  in  fittings,  are  not  permitted. 

1.  Conduits  should   be   installed  so  as  to  prevent  any  internal 

accumulation  of  water. 

2.  Metallic  and  insulating  conduits  should  be  arranged  as  regards 

bore  and  as  regards  the  number  and  radius  of  bends  so  that 
the  wires  can  be  drawn  in  or  out  with  case.  In  the  case  of 
conductors  of  a  larger  cross-section  than  16  sq.  mm.  this 
is  unnecessary  so  long  as  the  conduit  is  on  the  surface  and 
accessible  throughout  its  length.  The  tubes  must  be  fitted 
with  suitable  bushes  so  that  tlie  insulation  of  the  conductors 
cannot  be  damaged  by  sharp  edges. 

3.  Tubes  to  hold  more  than  a  single  wire  should  be  at  least 

II  mm.  internal  diameter. 

4.  In  the  case  of  surface  work,  where  a  single  length  is  protected 

by  conduit,  such  conduit  may  be  of  smaller  dimensions. 
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XXVIL— Cables. 

a,  PUiD  and  compounded  lead  cables  must  only  be  installed  so  that 
they  are  protected  against  mechanical  and  chemical  injury. 
(Compare  paragraph  XXI.  h,) 

I.  Lead-covered  cables  other  than  those  insulated  with  rubber 
should  be  fitted  with  suitable  end  connectors  to  prevent 
the  admission  of  moisture,  ensuring  at  the  same  time  a 
sound  electrical  connection. 

^.  Care  must  be  taken  to  prevent  injury  to  the  lead  sheath  at  the  point 

of  fastening.     Pipe  hooks  are  not  permissible, 
c.  Test  wires  must  be  treated  in  the  same  way  as  the  cables. 

H.    XXVIII.— METHODS  TO    BE   EMPLOYED  IN  VARIOUS 
KINDS  OF  SITUATIONS. 

For  the  following  situations,  in  addition  to  the  general  regulations, 
the  subjoined  rules  are  to  t>e  observed  : — 

Electric  Power-rooms. 

a.  As  against  paragraph  III.  a,  in  the  case  of  low  tension  live  wires 
need  not  be  protected  against  handling. 


d.  Switches  in  power-rooms  need  only  follow  the  rules  under  para- 

graph XI.  in  so  far  as  their  current -carrying  capacity  is 
concerned.  Attention  must  be  paid  not  only  to  the  current 
carried,  but  also  to  the  current  which  the  switch  may  have  to 
break. 

1.  Switches  need  not  have  a  quick  break. 

e.  As  against  paragraph  XI.  ^  neutral  and  earthed  conductors  may  be 

fitted  with  switchgear. 
/.  As  against  paragraph   XII.  b  in  power-rooms  no  special  switches 
arc  necessary  for  controllers  which  do  not  work  on  txjth  poles. 

2,  The  rules  under  paragraph  XII.  (2)  do  not  apply  to  power- 

rooms. 

/.  The  protective  covering  specified  under  paragraph  XXI.  a  only 

applies  in  so    far  as  protection    against  mechanical    injury  is 

concerned. 
k,  Non-interchangeability  of  fuses  does  not  apply  to  conductors  in 

power-rooms. 
I.  For  switch  and  signal  circuits  conductors  of  different  circuits  may  be 

run  in  one  tube. 

XXIX. — Closed  Electric  Power-rooms. 
6. 
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XXX. — Power  Houses. 

a.  As  against  paragraph  XXI.  a  for  low  tension,  the  connecting  con- 
ductors to  machines  which  are  within  reach  may  be  unprotected 
so  long  as  the  insulation  cannot  be  damaged. 

b, 

XXXI.— Damp  Rooms. 

a.  Unearthed  conductors  leading  to  damp  rooms  must  be  switched  on 

each  pole. 

b.  Insulated  conductors  must  be  covered  with  waterproof  insulation 

suitable  to  the  working  pressure. 

c.  Multiple  conductors  must  not  be  rigidly  fixed. 

d.  Movable  conductors  must  be   specially  protected   with  a  flexible 

covering. 

1.  Conductors  laid  open  on  the  surface  must  be  specially  pro- 

tected against  handling.    (See  paragraph  III.) 

2.  Unearthed  conductors  laid  as  above  should  be  fixed  on  suitable 

insulators  which  hold  the  conductors  at  least  5  cm.  (2  in.) 
apart  and  5  cm.  (2  in.)  from  the  wall.  (Compare  para- 
graph XXI.  (4).)  They  may  be  covered  with  damp-proof 
paint. 

3.  Apparatus  should  not  be  brought  into  damp  rooms,  but  where 

this  is  unavoidable  particular  precautions  should  be  taken 
against  handling  or  damage  from  access  of  moisture  to  the 
apparatus. 

XXXII.— Saturated  Power  Houses  and  Situations. 

For  these,   in  addition  to  the   rules  under  paragraph  XXXI.,  the 
following  rules  must  be  observed  : — 

a.  At  particular  points  warning  notices  must  be  erected  as  regards 

careful  handling  of  the  electrical  apparatus. 
6.  Switch  lamp  holders  are  not  permitted, 
c.  Arc  lamps  must  be  out  of  reach  whilst  running,  and  must  be  fitted 

with  disconnecting  contacts  for  trimming  purposes  which  entirely 

disconnect  them  from  live  circuits. 
d. 

XXXIII. — Power  Houses,  etc.,  with  Corrosive  Fumes. 

a.  Fixed  conductors  must  be  adequately  protected  against  chemical 

injury  from  the  particular  fumes  present. 
6.  Hand  lamps  must  only  be  connected   by  conductors  with   proper 

protection  against  chemical  injury. 
c, 

XXXIV. — Situations  in  which  there  is  Danger  of  Fire. 

a.  The  neighbourhood  of  dynamos,  motors,  transformers,  converters 
etc.,  must  be  kept  free  from  inflammable  material. 
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6.  Fnses,  switches,  and  similar  apparatus  which  break  circuit  must 

have  closed  6rcproof  cases. 
c.  Bare  conductors  are  not  allowable.    Insulated  conductors  must  have 

watertight  covering. 

I.  Special  precautions  should  be  taken  against  mechanical  injury. 
J. 

XXXV.— Situations  in  which  there  is  Danger  of  Explosion. 

m.  Dynamos,  motors,  transformers,  converters,  rheostats,  switches, 
fuses,  and  similar  apparatus  which  break  circuit  may  only  be 
used  if  constructed  to  avoid  all  possibility  of  their  causing  an 
explosion. 

b.  Conductors  must  have  watertight  protection  suitable  for  the  working 
pressure,  and  must  only  be  erected  in  conduit.  Multiple  con- 
ductors are  not  permissible. 

<:.  Only  lamps  burning  in  vacuo  may  be  used.  They  must  be  fitted  in 
fittings  which  completely  protect  both  lamp  and  holder. 


XXXVL — Shop   Windows,  Warehouses,  and   similar  Situations 
containing  Easily  Inflammable  Material. 

s.  Fixed  conductors  which  may  come  in  contact  with  easily  inflamma- 
ble material  must  be  laid  in  conduit  right  up  to  the  holder  and 
socket. 

b.  Fittings,  etc.,  which  can  bo  moved  must  be  connected  with  metal 

covers,  or,  at  all  events,  specially  protected  conductors.  In  the 
first  case  the  metal  cover  of  the  conductor  must  make  a  metallic 
connection  with  the  cover  of  the  holder,  and  the  metallic  sheath- 
ing must  be  earthed.  In  the  second  case  flexible  conductors 
must  be  used  with  a  waterproof  covering  and  an  additional  cover 
of  leather  or  similar  material  to  guard  against  mechanical  injury. 

c.  Sundry  switches,  fuses,  plugs,  etc.,  must  have  protecting  covers,  and 

must  be  fixed  where  they  cannot  come  in  contact  with  inflam- 
mable material. 
<£. 

N.B. — Paragraphs  left  blank  refer  to  high  tension. 

It  will  be  observed  that  these  regulations  are  very  minute  in  detail, 
far  more  so  than  the  equivalent  rules  of  the  I.E.E.  It  should,  however, 
be  explained  that  whilst  some  of  these  rules  are  actual  regulations  to 
be  observed  (see  paragraphs  headed  by  letters),  a  number  are  merely 
recommendations  (paragraphs  headed  by  numbers). 

In  the  first  paragraph  of  the  I.E.E.  rules  there  are  the  words: 
*'Tbey  are  intended  to  include  only  such  requirements  and  pre- 
cautions as  are  generally  necessary,  but  they  are  intended  neither  to 
take  the  place  of  a  detailed  specification  nor  to  instruct  untrained 
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persons."  An  examination  of  the  German  rules  will  show  that  the 
authorities  responsible  for  those  rules  evidently  set  about  their  work 
with  a  different  object  in  view  from  that  set  forth  in  the  passage  just 
quoted  from  the  rules  of  the  I.E.E.,  for  it  is  evident  that  if  an  installa- 
tion is  erected  to  the  regulations  of  the  German  Society,  no  further 
specification  could  under  any  circumstances  be  required.  As  far  as  the 
rules  themselves  are  concerned,  it  will  be  found  that  the  general 
tendency  is  very  similar  to  that  of  the  I.E.E.  rules.  But  there  are 
notable  differences,  and  it  is  the  most  important  of  these  to  which  I 
wish  to  call  attention.  I  do  not  propose  to  offer  any  criticism  on  these 
differences,  my  object  being  rather  to  call  for  an  expression  of  opinion 
on  the  points  raised. 

1.  Current  Density, — On  reference  to  the  table  in  paragraph  XX.  (i), 
it  will  be  noticed  that  I  have  given  the  equivalent  square  inches  for 
square  millimetres  and  the  I.E.E.  equivalent  cross-section  required  for 
the  particular  currents  given  as  maximum  by  the  German  rules 
for  various  cross-sections  of  conductors.  An  examination  of  these 
figures  shows  that  from  9  amperes  to  20  amperes  the  current  density 
is  three  times  or  more,  from  20  amperes  to  200  amperes  twice  or  more, 
from  200  amperes  to  240  amperes  one  and  a  half  times  or  more,  and 
for  500  amperes  1*3  times  that  of  tlie  I.E.E.  rules.  That  is  to  say,  that 
the  amount  of  copper  used  under  V.D.E.  rules  is  considerably  less  than 
under  the  rules  of  the  I.E.E.  This  means  in  effect  that  the  loss  of 
pressure  at  the  end  of  a  circuit,  about  which  I  can  find  nothing  stated 
in  the  V.D.E.  rules,  is  allowed  to  be  considerably  greater  than  in  our 
case.  This  is  a  very  noticeable  difference  between  the  two  sets 
of  rules. 

2.  Insulation. — It  may,  I  think,  be  assumed  that  rubber-covered 
wires  have  been  entirely  discarded  in  this  country  except  for  flexibles. 
But  in  Germany  they  arc  retained  to  some  extent  for  surface  work  up 
to  no  volts.  The  use  of  this  rubber-covered  wire  is  what  is  referred 
to  in  this  country  as  "Continental  wiring  with  flexibles."  The  use  of 
the  word  "flexible"  here  is  really  misleading  as  the  conductors  are  not 
flexibles  in  our  meaning  of  the  word.  They  are  merely  rubber-insulated 
wires  as  against  vulcanised  rubber  wires.  For  installations  up  to  125 
volts  where  the  work  is  done  on  the  surface  the  use  of  this  rubber- 
covered  wire,  fixed  on  porcelain  bobbins,  is  very  common.  There  can 
be  no  question  that  this  method  of  installation  is  cheap,  and,  if  proi>erly 
carried  out,  neat  and  perfectly  sound  from  an  electrical  point  of  view. 

Now,  with  regard  to  the  actual  insulation  of  conductors,  the  German 
Society  have  fairly  definite  specifications.  The  point,  however,  to 
which  I  wish  to  draw  attention  is  the  radial  thickness  of  insulation 
which  is  sliown  comparatively  in  the  table  on  the  following  page. 

This  table  shows  that  the  thickness  of  insulation  required  is  appre- 
ciably smaller  in  the  case  of  the  German  rules.  The  general  conclusion 
at  which  we  arrive  is,  therefore,  that  the  German  rules  allow  a  very 
appreciable  diminution  in  cost  of  installation  as  far  as  conductors 
are  concerned,  as  compared  with  the  usual  practice  in  this  country. 
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Cr<M»«cctkm. 

UiU. 

Mils. 

Sq.  mm. 

V.D.E. 

I.E.K. 

VO 

31 

40 

IS 

31 

41 

a-5 

39 

44 

t'^ 

39 

47 

39 

47 

lo-o 

47 

52 

i6'o 

47 

62 

250 

55 

11 

35-0 

55 

t 

50-0 

62 

70-0 

62 

87 

95-0 

70 

94 

1200 

70 

lOI 

150-0 

78 

107 

240*0 

94 

125 

500-0 

125 

M. 

I  think  we  rather  err  on  the  safe  side  in  the  case  of  small  cables,  and 
it  will  be  interesting  to  hear  whether  this  view  finds  support  from 
members. 

3.  FIcxiblfs, — The  very  exhaustive  paper  read  by  Professor  Schwartz 
last  year  to  this  Institution  deals  very  fully  with  the  subject  of  flexibles, 
and  in  Appendix  C  of  that  paper  will  be  found  the  German  rules  as 
they  stood  in  1905.  The  1908  rules  contain  no  appreciable  modification. 
The  paper  to  which  I  refer  goes  very  fully  into  details  on  the  subject 
of  flexibles,  and  I  only  desire  to  point  out  one  German  rule  in  particular 
which  relates  to  the  supporting  of  a  fitting  by  means  of  an  additional 
wire  which  carries  no  current  in  addition  to  the  actual  conductor 
carrying  the  current  This  appears  to  me  to  be  an  important  point 
to  which  I  find  no  reference  in  the  LE.K.  rules. 

4.  Insulation  Resistance, — On  reference  to  paragraph  V.  on  the 
teeing  of  insulation  resistance,  it  will  be  noticed  that  the  require- 
ments are  put  in  a  rather  different  form  from  that  to  which  we  are 
aocsxstomed  in  this  country.  They  do  not  base  their  tests  according 
to  nmnbers  of  points,  but  they  require  that  the  leakage  current  should 
not  exceed  i  milliampere  between  any  two  fuses,  and  further,  that  a 
distributing  board  should  have  an  insulation  resistance  of  1,000  ohms 
multiplied  by  the  pressure  of  supply.  In  measuring  the  leakage 
cmrent,  it  is  specified  that  the  minimum  pressure  for  the  exciting 
corrent  should  be  100  volts.  An  examination  of  these  requirements 
shows  that  more  particularly  in  small  installations  the  Germans  are 
content  with  a  lower  test  than  we  arc  in  this  country.  This  possibly 
may  be  a  logical  conclusion  drawn  from  the  fact  that  the  grade  of 
tn«aiation  of  conductors  used  is  lower.  In  this  connection  it  would 
be  mtcrvsttng  to  inquire  whether  in  the  use  of  a  higher  grade  of 
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cable  and  in  the  consequent  higher  insulation  tests  required,  we  are 
erring  on  the  safe  side  and  making  our  installation  work  unnecessarily 
expensive. 

5.  Generally,  one  may  call  attention  to  the  following  points  in  the 
rules : — 

Paragraph  III.  3. — Proportions  given  for  earth  wires. 

Paragraph  VIII. d.— This  regulation  with  regard  to  the  erection  of 
cells  appears  to  be  a  useful  one. 

Paragraph  XI.  6. — This  regulation  appears  to  be  a  useful  one,  refer- 
ring to  a  practice  which  is  more  or  less  non-existent  among  English 
manufacturers.  I  consider  it  would  be  of  great  utility  to  the  contracting 
engineer  if  switches  and  other  accessories  were  labelled  with  their  rated 
capacity  and  the  voltage  for  which  they  are  designed.  It  would  be  of 
use  for  stock-keeping  purposes  and  for  insuring  in  cases  of  repairing 
and  installation  work  that  the  correct  size  of  fuse,  switch,  or  plug  is 
sent  out.  Anything  of  this  kind  which  assists  the  contractor  is  worthy 
of  attention,  as  it  must  be  admitted  with  regret  that  the  average  wire- 
man  available  is  neither  as  well  trained  nor  as  intelligent  as  one  would 
desire. 

Paragraph  XIII.  a. — This  rule  deserves  mention,  as  in  my  opinion 
sufficient  care  is  not  taken  with  regard  to  sockets  and  their  plugs. 

Paragraph  XIV.— Under  this  heading  there  are  several  points  worthy 
of  attention.  In  the  first  place  an  examination  of  these  rules  points  to 
the  use  of  the  Edison  screw  type  of  fuse  plug,  and  my  own  observations 
of  installations  in  Germany  tell  me  that  this  type  of  fuse  is  used  almost 
universally.  The  point  to  be  particularly  noticed  is  the  value  attached 
to  non-interchangeability.  The  replacement  of  fuses  is  treated  in  this 
country  in  a  most  haphazard  fashion,  and  I  am  inclined  to  think  that 
the  Edison  screw  type  of  fuse  is  more  scientific,  and  ensures  more 
certain  working  and  proper  replacement.  Of  course  the  above  remarks 
apply  entirely  to  small  branch  circuits.  The  German  rules  (see  para- 
graph XIV.  a  2)  insist  upon  proper  contact  pieces  of  copper  being  used 
in  connection  with  fusible  wires. 

Paragraph  XVIII. /. — It  is  interesting  to  note  that  switch  lamp 
holders  are  not  permitted  for  use  with  hand  lamps. 

Paragraph  XXVI.  a. — The  use  of  papier-mache  conduit  with  either  a 
brass  or  an  iron  sheath  appears  to  be  very  common  in  Germany.  This 
type  of  conduit  is,  I  believe,  sold  in  this  country  under  a  trade  mark 
"  Adnil."  From  inquiries  I  have  made  this  conduit  does  not  appear  to 
offer  any  advantage  as  regards  price.  It  is  possible  that  there  may  be 
a  saving  in  cost  of  labour  with  this  type  of  conduit  over  the  steel  conduit 
in  general  use  here. 

There  are,  no  doubt,  many  points  in  the  German  rules  which  call 
for  criticism,  but  in  a  short  paper  such  as  this,  I  have  only  referred  to 
those  points  which  to  my  mind  are  more  conspicuous  than  others. 

After  having  considered  the  general  rules  for  installation  work,  I 
should  like  shortly  to  consider  the  particular  regulations  referring  to 
insulated  conductors  for  inside  work, 
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The  special  regulations  with  which  I  wish  to  deal  come  under  the 
heading  of  *'  Rules  for  Conductors/'  paragraphs  A  (part  only),  B,  C,  D, 
and  "  Roles  for  Copper." 

The  rules  arc  as  follows : — 


RULES   FOR  CONDUCTORS 

A.    Ri'LEs  FOR  Rubber-covered  and  Vulcanised  Rubber- 
covered  Conductors. 

I.  Ruhbcr-covcrcd  Conductors  suitable  for  Permanent  Installation 
ymt\tJ€  Plaster  in  Dry  Rooms  with  Pressures  up  to  125  Volts, — Rubber- 
covered  conductors  may  be  of  solid  wire  for  cross-sections  from 
0x30155  (No.  18)  to  00248  (No.  7)  sq.  in.  (i  to  16  sq.  mm.),  or  consist 
of  stranded  conductors  for  cross-sections  from  0*0015  to  0*2325  sq.  in. 
M  to  150  sq.  mm.).  They  may  not  be  used  for  multiple  core 
conductors. 

The  copper  is  to  be  tinned,  then  lapped  with  cotton,  and  over  this 
taped  with  finest  pure  unvulcanised  "  Para" strip.  In  taping  successive 
windings  must  overlap  one  another  to  the  extent  of  at  least  0*078  in. 
f  2  nun.).  Over  the  rubber  there  must  be  a  cotton  lapping  and  then  a 
braiding  of  cotton,  hemp,  or  similar  material  suitably  served  with 
compoond. 

Robber-covered  conductors  are  not  subjected  to  a  pressure  test. 

The  rublxrr  taping  must  conform  to  the  following  table  : — 


Cra»4ectioa  ol  Copper. 

Sq  ma 

1 

SqAn. 

i*o 

,    0*00155 

X/18 

+ 

1*5 

'    0*00233 
0*00388 

I/17 

+ 

2*5 

I/15 

+ 

4^ 

0*00620 

7/aoi 

— 

fto 

0*00930 

7/19 

— 

loro 

0*01550 

xg/8i 

+ 

1610 

0*02480 

ig/19 

25*0 

003875 

37/a) 

— 

35-0 

005425 

i9fi6 

-f 

5ox> 

007750 
0*10850 

^^^i^r 

— 

ycrc 

i«/-o8a" 

— 

9S-0 
lao-o 

1\^ 

37/15 

37/14 

f5oro 

023250 

91/17 

—• 

Minimum  Weight  of  Rubber 
io  each  100  mttre  Length.' 


Grams. 

Oi. 

130 

455 

155 

m 

190 

X 

805 
980 

340 

ii*90 

420 

14*70 

550 

19-25 

650 

22*75 

800 

28*00 

1,000 

35'oo 

1,200 

42*00 

1400 

49*00 

i»55o 

5430 

Minimum 

Number  of 

Strands  for   1 

Cables. 


7 
7 

7 
7 
7 
7 
7 
7 

»9 
«9 
19 
«9 
19 
»9 


N.B. — In  heavy  tjrpr  are  the  nearest  S.W.G.  equivalents 
mtam  •lightly  lower. 


-|-  means  slightly  higher. 


The  weight  is  taken  from  the  average  weight  of  rubber  on  five  pieces 
ci  39*3  in«  (1  m.)  long  each,  picked  indiscriminately  from  the  length 
under  test. 
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2.  Vulcanised  Rubber-covered  Conductors  {Generally). — Vulcanised 
rubber-covered  conductors  may  be  solid  wire  for  cross- sections  from 
0*00155  (No.  ^8)  to  0*0248  (No.  7)  sq.  in.  (i  to  16  sq.  mm.),  or  consist  of 
stranded  conductor  for  cross-sections  from  o'ioi55  to  1*55  sq.  in.  (i  to 
1,000  sq.  mm.). 


Workiog  Pressure  in 

1,000  VolU. 

Test  Pressure  in  1,000 

I 

2 

2 

3 

4 

4 

6 

8 

5 
6 

9 

10 

7 
8 

12 

13 

10 
12 

15 

18 

The  copper  is  to  be  tinned,  covered  with  water-tight  vulcanised 
rubber  and  waterproof  tape,  then  braided  with  cotton,  hemp,  or  suitable 
material  served  with  compound. 

In  the  case  of  multiple  core  conductors  the  braiding  may  be  put  on 
overall. 


Copper  Cross-section. 


Sq.  mm. 

Sq. 

1*0 

000155 

1-5 

0*00233 

2-5 

000388 

40 

0*00620 

60 

0*00930 

10*0 

001550 

160 

0*02480 

250 

0*03875 

35-0 

005425 

500 

0*07750 

700 

010850 

95-0 

0-15423 

1200 

018600 

150-0 

0*23250 

0-28675 

185-0 

240-0 

0-37200 

3100 

048050 

400-0 

0*62000 

5000 

077500 

6250 

096875 

8000 

1-24000 

1,0000 

155000 

Min.  Number 

Thickness  of  Rubber. 

ion. 

of  Wires 

of  Stranded 

Cond. 

At  leas 

t 

Not  more  than 
mm.     mils. 

in. 

mm. 

mils. 

I/18     + 

0-8 

31 

n 

II 

43 

I/17     + 

0-8 

31 

ri 

43 

I/15     + 

ro 

39 

37 

1*4 

55 

7/2oi  - 

ro 

39 

40 

1*4 

55 

7/19  - 

10 

39 

4? 

14 

55    , 

19/21   + 

1*2 

47 

46 

17 

66 

19/19  - 

1-2 

47 

50 

17 

66     1 

37/20    - 

I '4 

■55 

^ 

2  0 

78 

19/16    + 

19 

1*4 

55 

2-0 

78 

I9/(«2""- 

19 

1*6 

62 

66 

2-3 

90 

19 

1*6 

62 

S 

2*3 

90 

37/15 

19 

1*8 

70 

2*6 

lOI       1 

37/U 

37 

1*8 

70 

87 

2-6 

lOI 

91/10    + 

37 
37 

20 

2-2 

78 
86 

98 

2-8 
3-0 

109 

"7 

91/15    + 

61 

2*4 

94 

no 

32 

125   ; 

37/10    + 

61 

2*6 

lOI 

121 

3*4 

133 

91/13 

61 

2-8 

109 

126 

3-6 

140 

91/12    -f- 

91 

3-2 

125 

133 

40 

156 

91)11    -f. 

(?) 
?) 

91 

3-2 

125 

'4? 

40 

156 

127 

35 

137 

<1 

4*5 

176 

127 

3-5 

137 

(?) 

45 

176 

N.B. — Heavj'  figures  give  approximate  I.E.E.  equivalent  for  250  volts. 
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Each  coDdoctor  most  be  tested  after  Ijring  for  twenty-four  hours  in 
water,  and  most  withstand  an  alternating  current  of  a  pressure  as 
specified  in  the  table  at  the  top  of  page  188,  between  copper  and 
water,  the  temperature  of  which  must  not  exceed  25°  C. 

Vulcanised  rubber-covered  conductors  are  suitable  for  permanent 
ui^Oallation  for  pressures  up  to  1,000  volts,  and  for  connecting  portable 
apparatus  up  to  500  volts. 

The  table  gives  the  thickness  of  rubber  required. 


B. — Rules  for  Vulcanised  Rubber-covered  Flexible 
Conductors. 

These  arc  suitable  for  permanent  installation  for  pressures  up  to 
1,000  volts  and  for  connecting  portable  apparatus  up  to  500  volts. 
They  may  be  used  for  cross-sections  from  0-00155  to  0*0093  sq.  in.  (i  to 
6  sq.  mm.). 

The  core  consists  of  tinned  copper  wires  of  not  more  than  0*01 17  in. 
.No.  30  S.W.G.)  (o*3  mm.)  diameter  twisted  together,  the  copper 
lapped  with  cotton  and  covered  with  a  water-tight  vulcanised  rubber 
coating.  Each  conductor  must  have  a  cover  of  fibrous  material  over 
the  rubber  (yarn,  silk,  cotton,  etc.), 

In  the  case  of  twisted  multiple  flexibles  this  covering  must  consist 
at  a  single  l>ratding.  Round  or  oval  multiple  flexibles  must,  in  addition, 
have  a  common  overall  braiding. 

Each  conductor  must  be  tested  after  24  hours'  immersion  in  water 
with  2/xx>  volts  alternating  between  copper  and  water  for  half  an  hour, 
the  temperature  of  the  water  not  exceeding  25°  C. 

Required  thickness  of  rubber  as  table  following  : — 


CroMMrttonof  Copper. 


Sq 


10 

«5 

2*5 

00 


I 


Tbickneaof  Rubber. 

Atleatt 

Not  more  than 

Sq.lo. 

nun. 

mUa. 

mm.        mlU.         ' 

0-00155 

0-8 

31 

'I     43 

000233 

08 

31 

'•»      43 

000388 

i-o 

39 

'•4        55 

0-00620 

I'O 

39 

"•4        55 

000930 

10 

39 

14        55 

Current  densit>'  as  in  table  under  A. 

C— Rules  for  Fittings  Wire. 

Fitting^  wire  is  suitable  for  wiring  on  or  inside  fittings  for  pressures 
up  to  250  volt^.    The  fittings  wire  consists  of  solid  or  stranded  con- 
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ductor  of  0*00147  sq.  in.  (075  sq.  mm.)  cross-section.  The  copper  core  is 
tinned  and  covered  with  vulcanised  rubber  0*0234  in.  (o'6  mm.)  thick. 
Over  the  rubber  is  a  braiding  of  cotton,  hemp,  silk,  or  similar  material, 
which  may  be  served  with  compound.  The  outside  diameter  of  a 
single  conductor  must  not  exceed  0*105  in.  (2*7  mm.).  The  conductors 
may  be  multiple. 

A  twin  fittings  wire  may  consist  of  two  conductors  laid  side  by  side 
with  a  common  braiding  as  above  overall.  The  greatest  dimension 
overall  must  not  exceed  0*21  in.  (5*4  mm.). 

Fittings  wire  must  be  tested  in  a  dry  situation  for  half  an  hour  with 
1,000  volts  alternating.     In  testing  ordinary  fittings  wire,  two  pieces 
6  ft.  4^  in.  (5  metres  long)  are  to  be  twisted  together. 
Current  density  as  in  table  under  A. 

D. — Rules  for  Pendant  Flexibles. 

These  are  suitable  for  flexible  pendants  up  to  250  volts.  Pendant 
flexibles  have  a  cross-section  of  copper  of  0*00147  sq.  in.  (0*75  sq.  mm.). 
The  copper  consists  of  tinned  copper  wires  not  more  than  0*0117  *^- 
(No.  30  S.W.G.)  (0*3  mm.)  diameter  twisted  together.  The  copper  is 
lapped  with  cotton  and  covered  with  vulcanised  rubber  0*0234  in. 
(o*6  mm.)  thick.  The  two  conductors  are  twisted  together  with  a  cord  to 
carry  the  weight,  and  the  whole  braided  with  a  common  covering  of 
cotton,  hemp,  or  silk.  If  the  weight-carrying  cord  is  of  metal  it  must 
be  braided.  The  common  braiding  may  be  dispensed  with  if  each  con- 
ductor is  separately  braided.  Flexible  for  counter-weight  ]:>endants 
must  be  so  flexible  that  a  single  conductor  can  run  easily  over  a  pulley 
I  in.  (25  mm.)  diameter,  or  a  twin  flexible  over  a  1*4  in.  (35  mm.)  diameter 
pulley. 

Pendant  flexible  must  withstand  in  a  dry  situation  1,000  volts 
alternating. 

Current  density  as  in  table  under  A. 

RULES   FOR  COPPER. 

Conducting  copper  must  not  have  a  greater  resistance  than 
17*5  ohms  per  1,100  yards  (kilometre)  length  of  0*00155  sq.  in.  (1  sq.  mm.) 
cross-section  at  15°  C. 

At  temperature  /  the  resistance  R/  must  be  calculated  from  the 
formula — 

n R^ 

*5       i+ooo4(/-  15)' 

This  is  practically  the  same  as  the  E.S.C.  standard  :  "  A  wire  i 
metre  long  weighing  i  gram,  has  a  resistance  of  0*1508  ohm  at  15*6*' C." 

I  have  indicated  by  figures  in  heavy  type  in  paragraph  A  (i)  the 
S.W.G.  equivalents  for  the  cross-sections  approximately.  In  paragraph 
A  (2)  I  have  done  the  same,  and  also  added  for  comparison  the  I.E.E. 
equivalent  thicknesses  in  mils  for  250- volt  conductors.     It  must  here  be 
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borae  in  mind  that  the  thicknesses  given  by  the  German  rules  hold  good 
op  to  i«ooo  volts. 

On  examination  of  the  rules  and  the  comparison  with  the  LE.E. 
figures  it  will  be  found  that  the  general  tendency  is  in  the  direction  of 
higher  current  density  and  thinner  insulation.  Thus  the  cables  used 
under  German  regulations  would  be  a  great  deal  cheaper  than  under 
the  regulations  of  this  Institution.  But  there  is  a  further  point.  It  is 
Dobccable  that  no  mention  is  made  in  the  German  rules  of  a  layer  of 
p«irc  rubber  between  the  copper  and  the  vulcanised  rubber. 

A  very  pertinent  question  arises  out  of  these  comparisons,  namely, 
wlKther  the  extra  cost  involved  by  our  practice  is  necessary  or  essential 
for  the  security,  durability,  and  cfHciency  of  installations.  I  feel 
satisfied  in  my  own  mind  that  the  German  regulations  are  the  result  of 
experience  and  careful  investigation,  and  it  will  be  interesting  to  hear 
tfac  views  of  members  of  this  Institution  as  to  how  far  it  would  be 
adrisable  for  us  to  modify  our  existing  rules.  There  is  one  point  which 
I  think  most  be  taken  into  consideration,  and  that  is  the  question  of 
chmate,  which,  generally  speaking,  may  be  taken  as  dryer  than  the 
dunatc  of  this  country. 

With  regard  to  flexibles,  it  will  be  observed  that  there  are  three 
dt^inct  kinds  of  wire  named  : — 

I.  Volcanised  rubber  flexible  (Gummi-ader  Schniire). 
3.  Fittings  wire  (Fassungs-adern). 
3.  Pendant  flexible  (Pendel  Schnure). 

The  first  is  the  conductor  used  for  ]>ermanent  installation  on  porcelain 
bobbins,  a  practice  or  method  of  installation  which  is  very  little  used  in 
this  country,  and  which,  I  think,  is  very  admirably  adapted  for  certain 
das^^cs  of  work. 

In  connection  with  the  third,  the  rules  provide  for  the  introduction 
d  a  Mipport  (Tragschnur)  to  carry  the  weight  of  a  pendant.  It  is 
forthcr  to  be  noticed  that  no  mention  is  made  of  the  insulation  of 
flexil4c  conductors  with  pure  rubber. 

Discussion  at  Leeds. 

Mr.  W.  H.  Campion  :  It  seems  to  me  that  the  chief  object  of  the  Ur. 
paper  is  to  show  whether  installations  can  be  erected  cheaper,  and,  of  ^"'P**'"- 
ooone,  if  they  can,  it  will  have  the  effect  of  increasing  considerably  the 
mnnher  of  consumers  connected  to  the  mains.  But  there  is  always 
the  coosaderation  that  if  one  goes  in  for  the  cheaper  installation  it  may 
eventually  bring  more  discredit,  so  that  after  all  it  seems  to  me  that 
the  only  point  is  the  difference  of  the  current  density  of  the  V.D.E. 
mles  and  the  I.E.E.  rules.  It  seems  that  the  Germans  use  a  rating 
regardless  of  pressure  drop,  but  if  this  is  put  into  casing  there 
will  be  trouble,  and  as  a  rule  the  trouble  is  not  with  the  contracting 
engineer,  but  between  the  fire  insurance  company  and  the  man  in 
mhowc  place  the  installation  is,  and  the  central  station  generally  hears 
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Mr.  most  about  it.    Of  course,  if  a  good  system  can  be  brought  out  for 

Campion.  cheapening  installations  everybody  will  welcome  it ;  but  I  must  say 
that  all  the  wiring  I  have  seen  on  the  Continent,  including  the  flexible 
wiring,  has  always  been  in  connection  with  a  low  voltage — about  lOO — 
and  it  is  pretty  much  the  same  in  America,  where  they  allow  a  good 
deal  of  haphazard  work.  As  they  seem  to  h^ve  adopted  elaborate 
means  in  some  cases,  I  think  they  might  have  extended  it  a  little 
farther.  Regarding  bare  conductors,  one  would  like  to  have  a  little 
more  information  where  these  are  used  in  damp  places,  such  as 
breweries,  dyehouses,  etc. 

Regarding  the  switchboards,  I  think  the  polarity  of  the  busbar 
should  be  shown,  and  that  may  possibly  keep  people  off.  I  think, 
however,  they  would  all  have  to  be  marked  red,  for  if  blue  were  taken 
for  a  negative  sign  it  would  probably  not  prevent  the  men  from  getting 
a  shock.  The  Verband  Deutscher  Elektrotechniker  suggest  that  the 
nominal  working  current  and  pressure  should  be  marked  on  the  switch. 
That  is  where  we  have  spent  a  good  deal  more  money  than  wc  need 
have  done  for  a  long  time,  5-ampere  switches  being  put  on  for  one 
8-c.p.  lamp,  and  so  on.  I  know  that  there  are  smaller  switches,  but 
even  now  they  are  seldom  used  ;  but  perhaps  if  the  grading  had  been 
stamped  on  these  goods  people  would  not  have  put  them  in  in  such 
places  where  smaller  ones  would  have  answered  the  purpose. 

They  stipulate  that  plugs  for  the  connection  of  movable  conductors 
must  be  so  constructed  that  they  do  not  fit  the  sockets  made  for  a 
higher  current  strength.  The  trouble  is,  no  doubt,  felt  even  with  heating 
apparatus  to  save  any  one  installing  separate  wiring  for  a  cheap  rate  of 
heating,  though  one  cannot  get  this  interchangeability  with  plugs.  I 
know  5-ampere  plugs  and  lo-ampere  plugs  and  higher  can  be  got,  but 
there  is  not  that  variety  that  we  can  pick  to  any  extent  The  paragraph 
regarding  fuses  is  certainly  very  instructive.  I  see  they  make  a  great 
point  of  the  protection  from  any  inflammable  material.  I  think  a  good 
many  of  us  will  have  noticed  the  amount  of  inflammable  material  that 
is  put  on  to  the  lamps,  particularly  in  showrooms,  windows,  etc.,  and 
it  is  astonishing  what  they  will  stand  before  it  is  set  alight. 

The  rules  certainly  are  very  minute  in  detail.  For  instance,  fittings 
must  be  so  erected  that  the  leading-in  wires  cannot  be  damaged  by  the 
movement  of  the  fitting.  It  is  done  a  good  deal  with  us,  but  the  cord 
grips  are  so  cut  away  that  they  are  of  very  little  use.  All  the  care 
taken  with  regard  to  hand  lamps  is  certainly  a  point  to  be  watched. 

I  suggest  that  with  the  current  density  they  have  taken  for  the  con- 
ductors they  are  relying  more  or  less  on  intermittent  loads,  and  of 
course  one  knows  that  it  takes  a  good  deal  before  wire  will  warm  up. 
I  think  that  the  current  must  not  be  maintained  too  long  or  the  casing 
containing  the  wires  will  become  heated. 

Another  point  is  that  they  stipulate  39  in.  (i  metre)  apart  for  a  case 
of  safety.  The  Board  of  Trade  have  always  taken  6  ft.,  and  it  is  most 
inconvenient  for  those  that  have  worked  to  it. 

The  insulated  conductors  may  be  run  open  on  insulators  or  laid  in 
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tobes.     I  find  that  they  are  not  the  latter  as  a  rule.    There  are  very  few  Mr. 
inrtanoes  on  the  Continent,  and  they  are  mostly  stapled  up,  and,  unless  ^^*"p*^' 
these  staples  are  put  in  very  carefully,  they  must  have  trouble. 

With  regard  to  radial  thickness  of  insulation,  I  think  it  would  be  a 
good  thing  if  more  pressure  could  l>e  brought  to  bear,  but  we  shall 
have  to  look  to  the  Cable  Makers*  Association  to  do  anything  in  Eng- 
laiid.  If  it  was  brought  to  their  notice  some  good  might  result,  but 
I  am  of  opinion  that  it  rests  with  them  entirely. 

Mr.  S.  W.  CuTTRiss  :  These  rules  stipuUte  that  the  nominal  work-  ciJitrf^ 
tng  ctnrent  and  pressure  should  be  marked  on  the  switches.  I  think 
that  is  a  useful  rule,  k>ecause  there  is  no  doubt  that  switches  are 
often  used  for  higher  current  densities  than  those  for  which  they  are 
tntended.  If  the  switch  was  marked  for  the  purpose  for  which  it  was 
made,  I  ttiink  it  would  prevent  the  use  of  those  too  small  for  the 
work.  The  same  remark  applies  to  plugs.  I  see  they  recommend 
the  Edison  form  of  plug  fuse,  kmt  apparently  not  for  sub-circuits  for 
ho«»e  purposes.  We  should  not  hke  to  have  enclosed  fuses  for  these, 
as  oar  present  form  is  very  convenient.  For  heavier  currents  it  is 
oscfol  to  have  them  standardised,  but  there  is  a  good  deal  to  be  said 
on  both  sides. 

The  plan  of  having  an  independent  third  wire  in  flexibles  to  sup- 
port the  weight  of  the  fitting  I  think  might  be  adopted  to  a  great 
extent  in  this  country^  because  flexibles  arc  undoubtedly  overloaded 
tn  many  cases,  and  the  fittings  have  l>een  known  to  drop. 

The  inMilation  of  conductors  is,  to  my  mind,  one  of  the  most  im- 
portant points  in  the  whole  paper,  but  the  Germans  do  not  api>ear  to  be 
90  pwticalar  as  we  are  in  that  respect.  They  allow  a  lower  insulation, 
and  I  am  afraid  it  means  a  lower  quality  of  dielectric.  We  know  that 
a  certain  specific  insulation  does  not  necessarily  mean  a  good  quality 
of  material.  Unfortunately  cables  are  among  the  most  difiicult  things 
we  have  to  deal  with  as  regards  knowing  what  we  are  getting.  The 
cable  may  pass  a  certain  insulation  test,  but  at  the  same  time  the  cover* 
ing  may  be  of  such  a  quality  that  it  is  very  little  good  and  will  not  last. 
It  does  not  pay  to  put  in  a  low  grade  of  insulation,  k>ecause  the  im- 
portant point  is  not  the  insulation  test  when  it  is  installed  but  the  length 
ai  time  tlie  insulation  will  last. 

With  regard  to  installing  conductors,  I  see  there  is  no  mention  of 
wood-casing.  I  cannot  speak  from  experience  because  I  have  not  seen 
Coounental  installations,  tnit  I  should  gather  from  the  rules  that  it  is 
tM  used.  Wood-casing,  although  despised  a  good  deal  by  some 
people,  has  a  great  many  points  in  its  favour,  and  I  should  be  very 
•orry  indeed  to  see  it  abandoned  in  this  country. 

The  Institution  in  the  hitest  revised  rules  has  allowed  certain  con- 
ocs«aons  with  regard  to  running  unprotected  wires  in  houses,  but  we 
sboold  be  very  careful  how  we  adopt  it  at  the  normal  pressure  used  in 
Ch»  ooantry.  As  Mr.  Campion  said,  it  appears  that  the  "  Continental 
wirifig"  is  used  for  low  voltages — that  is,  loo  volts  or  thereabouts* 
I  do  not  Itiink  it  will  be  safe  in  this  country  to  use  it  indiscriminately 

Vol.  41.  18 
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Mr.  on  our  ordinary  200  to  250  volts  pressure.    This  appears  an  important 

"       *         consideration,  and  the  author  remarks  upon  it  towards  the  close  of 
the  paper. 

Dr.  Pohi.  Dr.  R.  PoHL  :  No  one  with  any  knowledge  of  the  work  done  by  the 

German  Institution  will  doubt  that  they  have  spent  a  great  deal  of  time 
and  energy  and  the  greatest  care  in  framing  these  rules,  and  we  have 
reason  to  compare  them  carefully  with  the  I.E.E.  rules,  and  particu- 
larly to  go  into  the  question  as  to  whether  the  British  current  density 
figures  are  really  in  accordance  with  our  present  knowledge  and 
experience.  In  my  own  opinion  we  may  practise  very  much  higher 
densities  without  in  any  way  running  the  risk  of  exceeding  the  per- 
missible temperature  rise. 

This  question  is  becoming  of  greater  importance  due  to  the  rapid 
introduction  of  metal  filament  lamps.  It  was  pointed  out  a  few  months 
ago  that  any  variation  in  voltage  has  a  much  smaller  efiFect  on  the 
variation  in  candle-power  in  metal  filament  lamps  than  it  has  in 
ordinary  carbon  filament  lamps.  I  think  a  voltage  variation  of  about 
3i  per  cent,  in  the  former  causes  the  same  amount  of  variation  in 
candle-power  which  with  carbon  filament  lamps  is  caused  by  2^  per 
cent,  voltage  variation.  That  means  that  in  practice  the  temperature 
rise  is  tending  more  to  become  the  limiting  factor  in  wiring  installations, 
and  that  the  voltage  drop  is  losing  in  importance.  I  should  like  to  say 
that  although  I  have  no  statistical  figures  at  my  disposal,  I  am  inclined 
to  believe  the  number  of  breakdowns  in  Germany  is  by  no  means 
higher  than  in  England,  but,  on  the  contrary,  is  very  much  lower, 
although  the  figures  for  current  density,  as  given  in  the  German  rules,  are 
so  considerably  higher  than  the  British  ones.  This,  in  my  opinion,  is  due 
to  another  difference  between  the  German  and  English  rules  to  which  the 
author  did  not  allude,  that  is  that  the  former  rules  are  generally  adhered 
to,  whilst  the  I.E.E.  rules  in  this  country  are,  to  my  knowledge,  not 
much  more  than  a  set  of  recommendations.  Further,  there  are  so 
many  different  rules,  that  one  never  knows  which  are  to  be  applied  in 
a  given  case.  There  are  the  Board  of  Trade  and  Home  Office  Regula- 
tions, Fire  Insurance  Rules,  and  those  drawn  up  by  corporations  and 
consulting  engineers.  It  is  a  deplorable  state  of  affairs  in  my  opinion, 
and  something  ought  to  be  done  to  bring  about  greater  uniformity. 

Rules  should  be  made  not  by  corporations  or  consulting  engineers, 
but  by  the  nation,  and  they  should  be  international  as  far  as  possible. 
The  electrical  industry  is  an  international  industry.  A  few  years  ago 
the  German  people  used  to  export  a  large  quantity  of  machinery  into 
England,  now  it  is  almost  the  reverse  ;  England  is  beginning  to  export 
electrical  machinery  into  Germany  and  also  into  America.  We  have, 
therefore,  to  construct  machines  in  accordance  with  the  rules  adopted 
in  the  respective  countries.  If  they  were  international  it  would  be  a 
very  great  advantage  to  the  whole  of  the  electrical  industry.  That 
holds  good  not  only  in  regard  to  the  rules  for  machines,  but  to  a  great 
extent  also  to  the  rules  on  wiring  installations. 

There  is  a  point  of  minor  importance  to  which  I  wish  to  draw 
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attention.  The  Roles  state  on  page  179 :  "  In  the  case  of  advertising  ^r.  p^l 
signs  and  similar  installations  the  conductors  may  be  proportioned  for 
ibe  largest  value  of  the  current  consumed  by  the  device."  First  of  all, 
tbc  words  "  may  be  proportioned  "  do  not  mean  anything  definite ;  they 
Icare  it  free  to  the  responsible  contractor  what  size  of  conductor  he 
wants  to  ttse.  If  it  means  that  it  must  be  proportioned  to  the  maximum 
current  I  do  not  think  that  the  rule  is  a  good  one,  particularly  in  regard 
to  advertising  signs  of  the  flicker  type  which  are  intermittent.  The 
nuTimnm  current  being  only  intermittent  we  have  to  apply  the  same 
rales  which  are  applied  to  alternating  currents,  and  have  to  work  with 
the  virtnal  and  not  the  peak  value  of  the  current. 

Another  point  to  which  attention  has  already  been  drawn  is  the 
qoestion  of  fuses.  I  think  it  is  most  important  that  we  should  consider 
tills  point.  Fuses  for  di£ferent  current  strength  should  not  be  inter- 
changeable. I  think  it  is  a  conmion  experience  to  see  a  loo-ampere  fuse 
in  a  lo^ampere  circuit,  a  fact  to  which  many  a  serious  breakdown  is  to 
be  attributed.  Everything  possible  should  be  done  to  guard  against 
M>cb  mistakes. 

Tbe  climate  in  Germany  is  certainly  somewhat  drier  than  that  in 
England,  still  they  get  sometimes  four  or  five  weeks  of  rain,  which  I 
bcbeve  is  long  enough  to  cause  the  same  e£Fects  on  the  insulation  which 
four  months  of  rain  may  cause  in  Bradford  and  Leeds,  so  I  do  not 
think  this  point  of  climatic  di£ference  is  of  great  importance. 

Mr.  H-  VisGKR  :  The  previous  speakers  have  raised  the  principal  Mr.  Vinjer. 
points  that  strike  one  in  Mr.  Steinthal's  interesting  paper,  but  I  would 
remark  that  the  fact  that  the  V.D.E.  rules  are  accepted  by  everybody 
m  Germany  must  be  very  satisfactory,  and  it  would  be  very  much  more 
ntisfactory  if  our  own  rules  were  treated  in  a  similar  manner.  At 
present  a  contractor  does  not  know  where  he  is  with  regard  to  rules 
and  regulations.  When  a  wiring  contractor  in  this  country  receives  an 
iaqoiry  for  an  installation,  the  first  thing  he  asks  is  whether  his  customer 
haa  his  own  plant  If  so  he  puts  forward  anything  he  considers  suitable 
within  tbe  fire  insurance  company's  limits,  each  fire  insurance  company, 
by  tbe  way,  having  its  own  rules.  If  the  customer  takes  his  supply 
from  tbe  corporation  the  contractor  will  have  to  deal  with  another  set 
oi  roles.  It  would  without  doubt  be  a  great  advantage  if  there  were 
one  set  of  rules  in  this  country  made  by  a  responsible  body  adopted  by 
aO  oooccmed. 

Rebutting  the  question  of  fuses,  as  the  previous  speakers  have  said, 
the  risks  attending  electrical  installations  are  generally  those  of  fire 
or  to  life.  The  voltages  as  used  for  Ughting  are  not  usually  such  as 
wookl  nnder  ordinary  circumstances  be  a  risk  to  life,  but  with  regard 
to  tbc  risk  of  fire,  the  question  of  fuses  would  seem  to  l>e  an  impor* 
tut  one,  and  I  cannot  agree  with  Mr.  Cuttriss's  opinion  that  fuses  may 
be  mtcrchangcable.  What  happens,  1  think,  in  a  great  number  of  cases 
wbcre  fires  occur  is  that  too  large  a  fuse  has  been  placed  in  the  circuit, 
atber  temporarily  for  some  good  reason  and  then  forgotten,  or  simply 
tbrongb  carelessness.    The  V.D.E.  rules  for  fuses  appear  to  prevent 
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Mr.  Visger.     larger  fuses  being  placed  in  circuit,  and  the  rule  might  well  therefore 
be  adopted  in  this  country. 

With  regard  to  the  question  of  insulation  resistance  of  wires,  I 
think  that  the  insulation  resistance  specified  for  wires  is  frequently 
higher  than  is  necessary.  The  way  the  work  is  carried  out  counts 
much  more  than  the  grade  of  wire  used  in  many  cases. 

I  remember  once  seeing  some  wiring  which  had  given  a  great  deal 
of  trouble.  The  voltage  of  the  circuit  was  200,  and  2,000-megohm 
grade  wire  had  been  specified,  and  the  wires  had  been  drawn  into  the 
tubes.  When  the  wires  were  taken  out  to  find  the  cause  of  the  constant 
trouble,  it  transpired  that  the  wireman  had  simply  pulled  the  wire 
through  from  the  coil  without  using  a  fleet,  and  so  had  pulled  kinks 
into  the  tubes  and  rubbed  the  insulation  off  badly  in  places.  If 
600-megohm  grade  wire  had  been  used  and  put  in  properly,  it  would 
no  doubt  have  made  a  perfectly  satisfactory  job.  I  quote  this  specific 
instance  to  illustrate  the  meaning  of  my  statement  that  the  method 
very  often  counts  more  than  the  material  in  making  a  satisfactory  job. 
Mr.jones.  Mr.  HERBERT  A.  JoNES  :  There  seems  to  be  one  thing,  in  Germany 

in  the  discussion  of  matters  upon  electro-technical  subjects  that  they 
do  not  immediately  start  to  quarrel  among  themselves,  whereas  in 
England  the  professional  man  and  the  manufacturer  are  very  soon  at 
loggerheads,  and  instead  of  a  paper  being  dealt  with  in  a  spirit  of 
constructive  criticism  we  immediately  get  to  destructive  criticism.  I 
would  like  to  remark  that  I  do  not  think  this  is  the  way  we  should 
approach  the  subject.  It  ought  rather  to  be  the  other  way,  and  our 
desire  should  be  to  promote  the  best  interests  of  the  profession  rather 
than  to  weaken  our  own  position  by  somewhat  unfair  criticism. 

There  are  various  points  in  the  paper  which  are  utterly  foreign  to 
our  practice.  The  employment  of  bare  conductors  in  breweries,  dye- 
houses,  etc.,  has  been  condemned,  although  this  is  a  common  practice 
on  the  Continent.  Personally  I  do  not  see  any  reason  why,  for  a  low- 
voltage  circuit,  bare  conductors  on  insulators  should  not  be  allowed 
inside  a  building. 

One  point  in  German  practice  I  notice  which  is  being  intro- 
duced in  this  country,  is  that  of  insulators  of  battery  stands.  Although 
it  has  been  the  practice  always  to  insulate  each  cell  from  the  stands 
upon  which  the  cells  are  placed,  yet  it  is  undoubtedly  a  still  better 
practice  to  insulate  the  stands  as  well. 

I  fully  agree  with  the  idea  of  marking  the  current-carrying  capacity 
of  switches  and  plug  sockets,  but  I  would  suggest  that  they  should  also 
be  marked  for  the  voltage  that  they  are  capable  of  working  at,  as 
undoubtedly  there  are  some  switches  on  the  market,  which,  while  being 
quite  good  and  substantial  switches  where  the  voltage  does  not  exceed 
230  volts  direct  current,  are  absolutely  useless  on  440  or  5oo-volt 
circuits. 
Mr.  Mr.  H.  Dickinson  :  The  only  point  I  wish  to  raise  is  regarding 

^^  the  size  of  the  conductors.    I  am  inclined  to  think  that  the  size  we 

allow  is  too  small.    There  is  no  doubt  that  there  are  many  cases  wherq 
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tbc  cofTCfiK  density  is  very  much  above  the  limit  that  the  rules  allow, 
as  we  often  come  across  such  cases  in  Leeds.  The  wires  are  put  in  all 
right  in  the  first  place,  but  extensions  are  put  on,  which  make  a  con- 
Adorable  difference.  The  mains  are  sometimes  found  to  be  very  much 
ov«rlottded,  but  we  have  no  trouble  except  that  due  to  drop  of 
presstiFe. 

In  damp  places,  etc.,  special  regulations  ought  to  be  made,  but  I 
certainly  think  we  could  allow  a  larger  amount  with  perfect  safety 
■Oder  ordinary  conditions. 

Respecting  the  dielectric,  I  am  of  opinion  that  the  stipulation  as  to 
thickness  ought  to  be  kept  up.  If  we  consider  a  number  of  old 
installations  that  were  put  in  many  years  ago,  it  will  be  found  in  many 
cases  that  the  rubber  has  perished,  and  it  would  not  be  allowed  to  be 
pat  in  again  as  it  would  not  pass  the  rules  to-day.  At  the  same  time 
we  shook!  not  refuse  an  installation  of  that  sort  We  should  not  think 
ci  making  a  person  relay  it,  except  in  a  very  bad  case.  I  think  it 
better  to  keep  up  the  thickness,  because  if  the  covering  on  the  cable  is 
very  thin,  and  it  does  perish,  the  position  will  be  worse  than  with  the 
thick  covering. 

In  cases  of  old  installations  we  make  a  special  point  of  the  fusing, 
and  wherever  there  is  a  change  in  section  a  fuse  is  put  in,  and  I  think 
that  if  proper  attention  is  paid  to  this  matter  ample  safety  is  provided  for. 

Mr.  I.  F.  Fawcett:  In  paragraph  XX.,  clause  2,  of  the  Rules  it 
is  said  that  for  intermittent  work  a  higher  current  density  is  per- 
miasible  than  that  given  in  the  table  so  long  as  there  is  no  undue 
heating  beyond  what  would  take  place  with  the  current  density  given 
in  that  table.  It  would  be  interesting  to  know  if  this  refers  to  power 
knds  and  can  be  regarded  as  a  time  rating  for  cables. 

It  appears  that  the  thickness  of  the  dielectric  for  cables  is  less  than 
the  dielectric  for  cables  in  this  country,  and  I  should  like  to  know  if 
this  is  the  case  in  actual  practice.  We  find  in  selling  cable  that  the 
German  cable  sent  over  here  sells  cheaper  in  this  market,  and  although 
the  cable  is  not  always  good,  I  think  it  will  be  of  the  same  grade. 
The  author  points  out  that  there  is  no  rule  that  recommends  that 
mbber  should  be  put  against  the  conductor  in  a  cable,  but  I  remember 
boring  a  quantity  of  German  cable  some  years  ago  and  found  when 
ftripptng  it  that  there  was  a  rubber  insulation  inside  the  cable,  but  I  do 
not  know  whether  it  is  the  practice  over  there,  or  whether  this  is  only 
done  with  cable  sent  here. 

I  qoite  agree  with  others  that  there  can  be  nothing  more  absurd  than 
to  find  a  country  like  England  possessing  so  many  different  sets  of  rules. 

The  only  thing  I  can  suggest  is  that  the  Government  should  pass  an 
Act  and  make  the  Institution  rules  compulsory,  and  then  the  contractor 
wonkl  have  a  chance  of  knowing  what  he  was  doing. 

Mr.  Stbikthal  (in  reply) :  The  Germans,  up  till  very  recently,  have 
been  in  the  habit  of  using  the  so-called  '*  Continental  flexible  wiring," 
which  was  used  when  no  installation  probably  exceeded  125  volts.  There 
are  a  great  many  places  now  where  they  are  contemplating  going  on 
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st'^inthai  *^  *^®  higher  pressure  (250  volts),  and  in  these  cases  they  invariably 
use  papier-mache  tubing.  There  are  very  few  cases  in  Germany  where 
wood-casing  is  used.  I  am  inclined  to  agree  with  Dr.  Pohl  as  to 
current  density  in  so  far  that  I  am  perfectly  satisfied  that  the  German 
engineers  know  very  well  what  they  are  talking  about,  and  they  do  not 
make  regulations  which  are  not  the  result  of  very  careful  investigation. 
The  general  opinion  is  that  we  are  rather  inclined  to  use  an  unneces- 
sary amount  of  copper  in  various  installations. 

I  agree  with  Mr.  Cuttriss's  observations  regarding  the  marking  of 
switches,  but  at  the  same  time  I  think  it  is  the  fault  of  the  manufac- 
turers to  a  great  extent.  We  have  a  standardised  5-ampere  switch 
carrying  20  lamps,  but  I  have  seen  it  used  for  a  2j-c.p.  lamp. 

The  remarks  made  by  Mr.  Campion  regarding  the  contact  of  in- 
flammable material  with  incandescent  lamps  are  certainly  very  true. 
I  think  that  the  danger  will  be  obviated  to  some  extent  by  the  new 
incandescent  lamps  which  undoubtedly  burn  very  much  cooler  than 
the  old  ones. 

The  question  of  interchangeability  is  of  very  great  importance.  At 
present  we  have  an  ordinary  porcelain  fuse  with  a  screw  terminal  at 
either  end,  and  our  wiremen,  if  they  do  not  happen  to  have  the  proper 
size  of  wire,  will  use  anything — sizes  are  not  of  importance,  so  long 
as  there  is  a  piece  of  fuse  wire  from  one  end  to  the  other.  With 
the  Edison  pattern  the  plug  is  of  a  certain  diameter  and  of  a  certain 
length  and  cannot  be  screwed  into  a  wrong  socket.  If  a  wrong  plug 
is  screwed  into  position  it  will  not  make  contact  because  it  is  too  short, 
and  in  the  German  rules  a  standard  size  is  laid  down  for  these  plugs 
both  as  regards  length  and  diameter. 

Dr.  Pohl  referred  to  a  paragraph  where  the  word  "  may  *'  occurs. 
I  have  not  had  an  opportunity  of  referring  to  the  German  edition  again, 
but  I  believe  the  translation  is  correct.  I  would  point  out  that  this 
occurs  in  a  paragraph  which  is  headed  by  a  number,  and  these  are 
merely  recommendations  and  not  regulations. 

With  regard  to  general  current  density  used  for  cables,  mention 
has  been  made  respecting  the  short-time  rating  for  these  particular 
densities,  but  I  do  not  think  that  this  is  the  case.  A  reference  to  the 
table  on  page  175  will  show  that  insulated  copper  conductors  not  laid 
underground  must  not  be  loaded  for  any  length  of  time  beyond  the 
current  density  given  in  the  table,  from  which  I  take  it  that  for  short- 
time  rating — that  is,  for  intermittent  work — the  conductors  may  be 
loaded  to  a  greater  extent  than  that  given  in  the  table. 

I  am  entirely  in  agreement  with  Mr.  Dickinson  as  to  the  thickness 
of  insulation,  but  with  regard  to  what  Mr.  Cuttriss  said  as  to  the 
inferior  insulation,  the  insulation  being  a  little  thinner  does  not  neces- 
sarily mean  that  the  material  employed  is  inferior.  It  is  a  curious 
thing  that  right  through  the  German  rules  I  can  find  no  reference  to 
pure  rubber  used  in  conjunction  with  vulcanised  rubber.  The  pure 
rubber,  it  will  be  found,  is  only  allowed  in  the  case  of  installations  which 
do  not  exceed  125  volts.    There  is  no  reference  to  any  pure  rubber  in 
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m^tallations  of  higher  pressure.  We  hear  a  good  deal  about  foreign  Mr. 
cable,  and  a  great  many  engineers  arc  inclined  to  turn  up  their  noses 
at  what  is  called  "  foreign  cable " ;  but  I  want  to  point  out  that  most 
German  engineers  and  manufacturers  are  far  too  cute  business  men  to 
send  over  here  the  thin  cable  which  passes  their  rules  as  they  know 
it  i>  of  no  use.  They  make  cable  to  what  they  call  the  English  sped- 
ticatiocu  It  may  be  that  some  of  it  is  of  inferior  quality,  but  some  of  it 
looks  very  good.  The  Germans  seem  to  use  only  vulcanised  rubber 
for  flcsnbles  on  circuits  over  125  volts.  I  had  the  opportunity  the  other 
day  of  inspecting  a  flexible  sent  to  me  which  was  in  conformity  with 
the  requirements  of  the  Leeds  Corporation.  This  was  double  rubber, 
and  I  had  previously  asked  that  particular  care  should  be  taken  that 
they  sent  me  one  which  had  passed  the  Leeds  Corporation  test.  I  am 
glad  to  see  that  we  are  well  protected  by  such  a  concern  as  the  Leeds 
Corporation  in  insisting  on  the  proper  quality.  If  there  were  one  set 
of  rules  to  which  all  engineers  ought  to  work,  as  they  do  in  Germany, 
I  am  perfectly  certain  that  we  should  be  saved  a  lot  of  trouble  and  get 
rid  of  a  great  deal  of  inferior  material. 

As  Mr.  Visger  said,  when  a  private  plant  is  concerned  where  there  is 
no  control  whatever,  other  than  the  control  of  the  insurance  company, 
00c  never  knows  exactly  what  may  be  done,  and  the  control  of  the 
insorance  company  is  by  no  means  ef&cient.  In  a  large  number  of 
cases  the  inspection  by  the  insurance  company  consists  in  the  posting 
of  a  copy  of  their  regulations  with  about  250  questions  which  have  to 
tw  answered^  I  have  known  them  sent  back  with  about  five  questions 
answered,  and  I  suppose  they  have  passed  them.  I  do  not  rely  very 
mach  on  the  insurance  company,  except  in  those  cases  where  there 
i%  an  actoal  contract  with  them  for  upkeep,  and  then  they  look  well 
after  it 
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ORIGINAL   COMMUNICATION. 


THE  POTENTIAL  OF  PARTIALLY  INSULATED 
SYSTEMS  IN  RELATION  TO  THE  POTENTIAL 
OF   EARTH. 

By  M.  B.  Field,  Member. 
{Chairman  of  Manchester  Local  Section,) 

{Receii'cd  January  8,  1908.) 

The  provision  of  efficient  insulation  for  any  electric  circuit  necessi- 
tates some  knowledge  of  the  difference  of  potential  existing  between 
portions  of  the  circuit  in  proximity  to  one  another,  and  also  the 
potential  of  each  several  part  in  relation  to  that  of  earth. 

If  the 'information  available  with  regard  to  the  internally  generated 
E.M.F/s  be  sufficient  for  the  determination  of  the  differences  of  poten- 
tial obtaining  between  different  points  of  the  system,  and  if  we  can  arrive 
at  the  potential  of  any  one  point  in  relation  to  that  of  earth »  obviously 
the  potential  of  any  other  point  in  relation  to  that  of  earth  may  be 
immediately  deduced. 

The  first  question  to  be  answered,  in  order  to  determine  the  poten- 
tial of  any  point  to  earth,  is  whether  the  system  as  a  whole  has  acquired 
a  charge  of  electricity  from  some  external  source.  A  system  comprising 
a  generator  and  an  external  circuit  may  become  charged  as  a  whole  in 
several  ways ;  for  example,  if  it  include  overhead  transmission  lines  it 
may  become  charged  as  a  result  of  atmospheric  disturbances. 

In  such  a  case  the  conductors  of  the  system  in  conjunction  with  the 
earth  perform  the  function  of  the  metallic  plates  or  coatings  of  a  con- 
denser, while  the  general  insulation  of  the  system  behaves  as  the 
dielectric  of  the  same.  Should  the  system  become  charged  in  this  way, 
a  potential  differing  from  that  of  earth  is  necessitated,  the  potential 
difference  being  equal  to  Q/K,  where  Q  is  the  quantity  of  electricity 
stored  and  K  the  capacity  of  the  system  to  earth. 

A  charge  of  this  nature  must  be  regarded  as  constituting  a  temporary 
and  abnormal  condition,  since  the  charge  will  be  rapidly  dissipated  by 
leakage  to  earth. 
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It  might  at  first  sight  appear  that  the  possible  abnormal  potential 
dtffereoces  shoaJd  form  the  governing  feature  in  determining  the  nature 
of  tbc  insolation  of  the  system,  as  they  may  be  many  times  greater  than 
any  tntemally  generated  E.M.F.  This,  however,  is  not  necessarily  the 
case — first,  because  it  is  possible  to  connect  apparatus  to  the  system  to 
limit  the  rise  of  potential  occurring  during  the  abnormal  condition ; 
and  secondly,  on  account  ci  the  extremely  short  duration  of  the  same. 

Insolation  appears  to  break  down  under  electric  stress  either  by 
mrchanical  rupture  alone  or  by  mechanical  rupture  in  conjunction  with 
gradoal  local  deterioration,  accompanied  by  local  heating  and  some- 
times charring. 

What  fvU  the  duration  of  the  applied  stress  plays  in  the  first  case  it 
K  difficult  to  say,  but  it  is  certain  that  where  the  breakdown  is  accom- 
pgwied  by  heating  the  duration  of  the  applied  stress  is  one  governing 


Fio.  I. 

feaUore.  Thus  a  slab  of  insulating  material  may  successfully  withstand 
a  difference  of  potential  of  20,000  volts  if  applied  for  but  one-fif tieth  of 
a  Mcood,  and  break  down  under  a  potential  difference  of  2,000  volts  if 
applied  continuously. 

The  question,  therefore,  of  the  potential  in  relation  to  that  of  earth 
that  any  part  of  the  system  may  be  called  upon  to  withstand  for  a 
Mistaiiied  period,  is  of  great  importance. 

It  will  be  convenient  to  take  the  potential  of  earth  as  a  datum  or 
zero  at  reference,  so  that  we  may  sp^  of  the  actual  potential  of  any 
pomt  of  a  system,  instead  of  the  difference  of  potential  existing  between 
that  point  and  earth. 

If  the  system  be  charged  as  a  whole,  the  potential  may  temporarily 
have  any  value  depending  upon  the  amount  of  the  charge,  but  as  this 
transient  condition  subsides  each  point  of  the  system  assumes  a  certain 
potential,  which  may  be  constant  or  variable  according  to  the  nature  of 
the  ratcmal  E.1I.F/S. 

Tbos  if  we  connect  an  electrostatic  voltmeter  between  each  terminal 
of  a  3-phase  system  and  earth,  as  in  Fig.  i,  we  find  that  each  voltmeter 
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indicates  a  definite  potential  difference.  Unless  some  point  of  the 
system  be  directly  connected  to  earth  there  is  no  reason  why  any  point 
should  be  permanently  at  earth  or  zero  potential.  If,  however,  a  3-phase 
system  be  perfectly  balanced,  both  as  regards  load  and  leakage  cur- 
rents, it  frequently  occurs  that  the  neutral  point  o  in  Fig.  i  is  at  earth 
potential.  It  must,  however,  be  remembered  that  this  is  by  no  means 
necessarily  the  case ;  indeed,  it  also  frequently  happens  that  although 
the  system  be  symmetrical  and  perfectly  balanced,  so  that  the  volt- 
meter readings  V,,  V,,  V3  are  identical,  there  is  a  considerable  potential 
difference  between  the  neutral-point  and  earth. 

Opinion  is  divided  among  electrical  engineers  as  to  the  advisability 
of  connecting  the  neutral-point  of  a  3-phase  system  to  earth,  and  thus 
ensuring  that  it  shall  remain  at  earth  potential,  but  when  this  is  not 
done,  electrostatic  voltmeters  are  usually  connected  between  each  ter- 
minal and  earth  as  shown  in  Fig.  i  to  indicate  any  disturbance  of  the 
natural  distribution  of  potential.  In  such  cases  the  readings  of  the 
voltmeters  will  be  affected  if  any  one  of  the  terminals  becomes  partially 
or  totally  earthed,  and  it  is  frequently  assumed  that  such  a  voltmeter 
combination  forms  a  fairly  sensitive  indicator  of  the  relative  insulation 
resistance  of  the  three  terminals  of  the  system  taken  together  with  the 
line  wires  and  other  portions  connected  thereto.  If,  however,  the 
generator  system  be  connected  to  a  cable  network  of  considerable 
dimensions,  the  natural  capacity  current  flowing  from  each  terminal  to 
earth  may  be  so  largely  in  excess  of  the  current  leaking  through  the 
insulation  resistance  as  to  entirely  mask  any  effect  which  a  consider- 
able want  of  balance  of  the  latter  may  tend  to  produce.  In  such 
instances  the  3-voltmeter  combination  forms  an  extremely  insensitive 
indicator  of  relative  insulation,  but  correctives  may  be  introduced  to 
materially  increase  the  sensitiveness  of  the  device. 

The  object  of  this  communication  is  to  discuss  the  various  points 
raised  above,  on  the  assumption  that  all  electrostatic  charges  are  due 
to  the  internally  generated  E.M.F.'s,  and  consequently  that  the  system 
is  not  in  the  abnormal  condition  referred  to  above. 

It  will  be  appreciated  that  this  subject  has  a  distinct  bearing  upon 
the  regulation  recently  issued  by  the  Home  Office  enforcing  the  em- 
ployment of  leakage  detectors  in  connection  with  electrical  installations 
in  mines. 

If  we  assume  that  the  generated  E.M.F.'s  follow  sine  laws,  the 
subject  may  be  treated  in  an  extremely  simple  non-mathematical 
manner.  The  first  portion  of  this  communication  will  therefore  deal 
with  the  matter  from  this  point  of  view,  and  in  the  Appendix  will  be 
found  a  general  proof  of  the  theorems  employed,  not  involving  any 
assumptions  as  to  the  law  of  variation  of  the  generated  E.M.F.'s. 

Current  may  leak  to  earth  from  any  part  of  a  system  through—^ 

(i)  The  insulation  resistance  of  that  part  of  the  system, 
(2)  The  capacity  to  earth. 
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In  direct-current  systems  wc  have  only  to  consider  (i),  but  in  alter- 
iiating-cai;^^ent  systems  a  capacity  current  is  always  flowing  to  earth 
from  all  parts  of  the  system,  and  in  the  case  of  extra  high-tension 
genermtors  and  cable  networks,  the  capacity  current  through  the 
insulation  of  the  winding  and  the  dielectric  of  the  cable  may  be 
considerable. 

Inductive  leakage  paths  do  not  naturally  occur,  but  they  may  some- 
times be  considered  since  their  presence  may  be  beneficial,  and  they 
may  be  introduced  artificially. 

If  r  be  the  insulation  resistance  of  any  portion  of  a  system,  and  v 
the  potential,  the  value  ci  the  leakage  current  to  earth  is  v/r. 

If,  however,  this  portion  of  the  system  be  connected  to  earth  through 

a  capacity  k,  the  leakage  current  will  be  ^  3/>  or  A  9  v,  where  9  stands 

for  the  operator  djdi  ;  or  if  it  be  grounded  through  the  inductance  / 

the  leakage  current  will  be  .-^. 

If  from  a  given  point  of  a  s3rstem  there  be  three  leakage  paths  com- 
pnstng  respectively  a  resistance  r,  a  capacity  k,  and  an  inductance  /, 
the  total  leakage  current  will  be — 

G+*«+/> (0 

The  expression  f-  "•'*^  +  rb)»  or  >^  equivalent,  is  an  operator, 

which  when  operating  upon  the  potential  v  (expressed  as  a  function  of 
the  time)  gives  leakage  current.  Although  this  expression  involves  the 
physical  constants  of  the  combination  of  leakage  paths,  it  cannot  of 
it!ielf  be  considered  as  a  physical  constant,  since  it  also  involves  the  idea 
of  time-variation.  When,  therefore,  we  define  a  leakage  path  (or  com- 
bination of    leakage  paths)  by  means  of  the  physical  constants  as 

r  ,  ik,  .  |,  we  shall  imply  a  path  equivalent  to  one  containing  a  resist- 
ance r,  in  parallel  with  one  containing  a  capacity  A,  in  parallel  with  one 
containing  an  inductance  /,  the  total  leakage  current  through  such  a 
path  being  represented  by  the  expression  (i)."*" 

Since  the  operator  9  applied  to  the  function  sin^/  gives  ^p*  times 

the  result  of  applying  the  inverse  operation  ( -  j  to  the  same  function, 

*  In  vkw  of  the  null  values  of  dielectric  hysteresis  of  the  materials  employed  for 
ta*alattfi|[  cables,  ft^oerator,  and  transfonner  windinf^s,  etc.,  the  current  Howinf;  to 
tarth  by  soch  paths  may  here  be  taken  as  a  true  capacity  current  Siniilarlv  when  a 
tanlt  develops  in  a  system  it  may  be  considered  as  a  true  c>hmic  resistance.  It  is  diffi- 
cult tu  imai^oe  a  case  oi  current  leaking  to  earth  through  a  path  containing,  sav.  a 
riwtinrr  and  t  capacity  in  series.  Later  on  an  instance  is  considered  where  induc- 
tive paths  arr  mtnjduccd  ;  in  such  a  case  we  must  ha\'e  a  certain  amount  of  resistance 
m  *crtc«  With  the  todoctance.  In  what  luUows,  however,  it  will  be  seen  that  we  are 
fw^ifeed  in  cuasidering  a  capacity  current  flowing  to  earth  thnuigh  a  path  otmtaining 
LMpmctty  only,  a  further  conductance  current  Howingto  earth  thntugh  a  path  containing 
«Aauc  reaistancc  only. 


204    FIELD:  THE   POTENTIAL  OF  PARTIALLY   INSULATED 


the  term  j  g^T^^y  be  replaced  by  the  term  k'  9,  where  A'  =  —  r— .    Terms 

such  as  j~z  may  therefore  be  considered  as  included  in  terms  such  as  k9, 

so  that  it  will  be  unnecessary  to  express  the  former  separately. 

If  a  system  have  distributed  leakage  paths  represented  in  terms  of 

the  convention,  already  explained,  as  I  -,  A,  J,    I  -,  i^  J,    I -,  k^L  etc., 

we  shall  refer  to  -  H h  -  +i  etc.,  as  the  '*  total  leakage  conduct- 

Tg      r,      Tj 

ancc,"  and  to  A-,  +  k^,  +*3  +  etc.,  as  the  "  total  leakage  capacity." 

It  will  be  noticed  that  the  total  leakage  conductance  is  merely  the 

reciprocal  of  the  insulation  resistance  of  the  whole  system,  while  the 


Fig.  2. 

total  leakage  capacity  is  the  capacity  to  earth  of  the  whole  system. 
Those  points  of  a  system  where  leakage  is  supposed  to  occur  will  be 
hereafter  referred  to  as  the  **  leakage  points." 

Provided  the  E.M.F.'s  generated  in  each  portion  of  an  intercon- 
nected system  be  sinusoidal,  we  may  represent  them  on  a  clock  diagram 
in  the  well-known  way.  For  example,  in  Fig.  2  the  vectors  r,,  r,,  r3 
represent  the  E.M.F.'s  induced  in  the  three  windings  of  a  3-phase 
Y-generator.  We  may  either  suppose  that  r„  Va,  and  v^  are  vectors 
which  by  their  length  and  position  represent  the  amplitude  and  phase 
of  the  E.M.F.'s  induced  in  the  three  windings  ;  or,  if  we  wish  to  con- 
sider the  instantaneous  values  of  these  E.M.F.'s,  we  may  confine  our 
attention  to  the  projections  of  the  vectors  on  the  vertical  axis  X  Y. 

As  has  been  stated,  unless  some  point  be  directly  connected  to 
earth,  there  is  no  reason  why  any  point  should  be  at  earth  potential ; 
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we  can,  however,  always  find  a  point  on  the  diagram  representing 
zero  potential.  To  make  the  meaning  of  this  clear,  let  P  be  this  point. 
Then  adopting  the  interpretation  indicated  above,  the  vectors  t/,  v", 
and  r  "  most  represent  the  amplitude  and  phase,  and  their  projections 
the  instantaneous  values  of  the  potential  of  the  three  terminals  of  the 
srstcm.  Similarly  the  vector  Vo  represents  the  potential  of  the  neutral- 
point 

Farther,  we  see  that  any  point  such  as  P,  represents  some  definite 
potential  in  relation  to  that  of  any  point  of  the  system,  varying  accord- 
ing to  a  sine  law.  If,  however,  P,  does  not  correspond  to  any  point  or 
part  of  the  generative  system,  but  to  some  external  point  which  is  not 
connected  to  earth,  this  conception  at  first  sight  appears  somewhat 


Fig.  3. 

vague.  The  diagram  tells  us,  however,  that  the  potential  of  the  point 
P,  b  related  to  that  of  the  point  o  by  the  vector  Vo',  and  the  vagueness 
at  onoe  disappears  if  we  assume  an  imaginary  winding  connected  to 
the  point  o  in  which  an  E.M.P.  is  induced  corresponding  to  the  vector 
pj,  Thns  the  point  P,  at  once  becomes  bound  to,  and  a  point  on,  the 
generative  system. 

U  we  know  the  laws  which  the  internally  generated  E.M.P.'s  follow 
and  we  can  determine  f„  that  is  the  vector  which  binds  the  point  of 
tero  potential  to  the  neutral-point,  we  know  the  potential  of  every 
point  of  the  system. 

The  condition  which  determines  Vo  is  that  the  total  leakage  current 
flowing  to  earth  is  zero  at  every  instant. 

Let  ns  consider  a  OMnplex  sjrstem  with  leakage  points  at  a,  6,  c,  d,  e,  /, 
and  zero  potential  at  P.    Let  p„  v„  v^  etc,  Fig.  3,  be  vectors  repre- 


306    FIELD  :  THE   POTENTIAL  OF  PARTIALLY  INSULATED 

senting  the  potentials  of  the  leakage  points,  and  let  the  time  variation 
of  the  potential  of  a  be  r,  sin  (pt  +  a,). 

The  time  variation  of  the  potential  at  the  other  leakage  points  will 
then  be — 

V:,  sin  (pt  +  a,) 
^3  sin  (^/  +  Oj),  etc. 

Let  the  leakage  conductance  at  the  points  a,  b,  c,  etc.,  be  respectively 
,    -,     -,  etc.,  then  the  total  current  leaking  to  earth  is — 

r,       Ta      ^3 

^  sin  ipt  +  o.)+  ^  sin  (^/  +  a,)  +  ^  sin  {pt  +  a,)  +  etc., 

this  current  is  zero  at  every  instance,  hence,  inserting  the   values 
pt^Ofptss-  we  obtain  the  two  independent  equations — 


-  Sin  a,  +  -  sm  a,  +  -  ^  sin  03  +  etc.  ^  o 
r,  Tg  r3 

Vt  Va  Z'l 

COS  Qi-i COS  Oa  +     ^  COS  a^  +  CtC.  =  O 

^t  'a  ^3 


(2) 


If,  however,  we  had  concentrated  at  the  points  a,  6,  c,  etc.,  on  the 

diagram    masses    proportional    to     ,     -,    -,   etc.,    respectively,    the 

equations  (2)  are  those  which  would  determine  the  position  of  the 
centre  of  gravity  of  the  system.  We  may  therefore  say  that  the  point 
on  the  diagram  representing  zero  potential  occupies  the  position  of 
the  centre  of  gravity  of  a  number  of  masses  located  at  the  leakage 
points  proportional  respectively  to  the  value  of  the  corresponding 
conductance. 

Further,  the  centre  of  gravity  of  any  given  group  of  masses  has  an 
important  analogue  in  the  electrical  case.    Consider  the  points  a,  6,  c, 

connected  to  earth  by  leakage  paths  (-1,    I"  |>    f-  |i  etc. 

Suppose  for  a  moment  a  resistance  r,  connected  to  the  system  at  a, 
a  resistance  r,  connected  at  6,  and  r^at  c,  and  imagine  the  other  ends 
of  these  resistances  all  connected  together  in  a  bunch  at  a  point  P,. 
Obviously,  the  total  current  flowing  towards  P,  at  every  instant  is  zero, 
and  P,  will  have  a  definite  potential  in  relation  to  that  of  a,  b,  etc. 
That  is  to  say,  the  potential  of  P,  may  be  represented  by  a  point  on  the 
diagram  suitably  situated  with  reference  to  the  points  a,  6,  and  c.  This 
point  we  call  the  Z-point  due  to  the  particular  leakage  paths  under  con- 
sideration (the  leakage  current  from  the  poles  to  such  a  point  being 
zero,  as  explained)  ;  it  obviously  corresponds  to  the  centre  of  gravity  of 
the  masses  representing  these  leakage  conductances.  The  Z-point  has 
no  direct  relation  to  earth  or  zero  potential,  unless,  indeed,  all  the 
leakage  paths  of  the  system. are  fixed,  but  a  Z-point  can  only  be  deter- 
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mined  in  relation  to  some  particular  group  of  leakage  paths.  The 
xero  potential>point  is,  of  course,  the  Z-point  of  all  the  leakage  paths  of 
the  system. 

The  principle  of  the  equivalent  masses  at  once  indicates  that  if  the 
xcro  potential-point  be  caused  to  deviate  from  P  by  the  introduction  of 
additional  leakage  paths,  the  deviation  may  be  calculated  as  though 
the  only  leakage  paths  existing  were  the  additional  leakage  paths 

together  with  a  single  leakage  path  f-H — h-  +ctc.  |  concentrated 

al  the  point  P. 

Had  we  assumed  a  combination  of  capacity  or  of  inductive  leakage 
paths  in  place  of  the  combination  of  conductance  paths,  we  should 
have  ycen  that  the  zero  potential-point  similarly  corresponded  to  the 
centre  of  gravity  of  proportional  masses  suitably  placed  on  the  diagram. 

We  most  now  consider  how  conductance,  capacity,  and  inductive 
leakage  paths  may  be  combined. 

Conner  first  the  combination  of  a  capacity  and  a  conductance 
leakage  path  in  a  system  comprising  two  leakage  points. 

Let,  in  Fig.  4,  the  point  a  be  connected  to  earth  by  the  capacity 

t,  and  the  point  b  by  the  conductance    - .    It  will  be  seen  that  the 

locos  of  the  Z-point  P  (and  in  this  case  the  zero  potential-point)  is  a  semi- 
circle of  which  a  6  is  the  diameter,  a  P  represents  the  E.M.F.,  which, 
acting  through  the  capacity  k,  gives  rise  to  a  current  at  right  angles  to 
itsell.     This  current  must  be  equal  and  opposite  to  the  current  due 

to  the  E.M.F.,  b  P  acting  through  the  conductance  -  .    Hence  aPb 

is  a  right  angle  and  the  locus  of  P  a  semicircle. 
We  have  the  numerical  relation — 

aP  X  A^  =  6Px  ?, 

or — 

oP         1 
bP^kpr 

If  we  drop  a  perpendicular  from  P  meeting  a  6  in  c,  we  have — 


a 
cb 


l^itfr) (3) 


Hence,  knowing  k,  p,  and  r,  we  can  readily  determine  the  position  of 
the  Z-poinL 

We  tbos  see  that  a  capacity  cannot  be  directly  combined  with  a 
conductance  in  the  same  manner  in  which  two  conductances  or  two 
capacities  may  be  combined,  but  that  the  line  joining  the  points  on  the 
diagram  at  which  a  capacity  and  a  conductance  are  situated  respec- 
tively, in  passing  through  the  Z-point  is  t>ent  at  right  angles  at  this 
point  The  combination  of  an  inductance  and  a  conductance  is  given 
by  the  same  construction,  only  the  semicircle  must  be  drawn  upon  the 
oppoutc  side  of  a  6. 
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We  will  next  consider  the  combination  of  a  capacity  and  inductance. 
At  point  a,  Fig.  5,  assume  a  capacity  k,  and  at  point  b  an  inductance  /. 
Then  a  little  consideration  will  suffice  to  show  that  the  Z-point  P  will 
lie  on  a  6  produced,  but  it  cannot  lie  between  a  and  b. 

If  kip'  <i  the  2^point  will  occupy  a  position  as  at  P, ;  as  *  / ^ 
approaches  unity  the  Z-point  will  recede  along  ab  (produced)  to 
infinity  ;  2ls  kip'  still  further  increases,  the  Z-point  will  advance  from 
infinity  on  the  lower  side  towards  a. 


p. 


a 


a 


Fig.  4. 


Fig.  5. 


Fig.  6- 


Let,  now,  a  conductance  -    be  introduced  at  b  in  addition  to  the 
r 

inductance.  If  klp'\\,  the  capacity  and  the  inductance  may  be 
combined,    and    the    resulting  Z-point    found    as   above   described. 

The  conductance  -    at  6  may  now  be  added,  and  the  new  Z-point 

determined  by  the  semicircle  construction,  as  in  Fig.  4.  In  Fig.  6 
two  cases  are  shown  where  the  capacity  predominates  and  where 
the  inductance  predominates.  It  will  be  observed  that,  if  correctly 
drawn,  both  semicircles  lie  on  the  same  side  of  a  6  produced.  Now, 
as  kip'  approaches  unity,  the  points  P„  P,  respectively  recede  to 
infinity,  and  at  the  limit  be  will    form  an  arc  of  both  semicircles. 

Therefore,  when  *//>«=i,  the  locus  of  the  Z-point  is  6  c.     If     =oq 
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the    Z-point   is  at  6,  as  -  is   reduced    to  zero,  the  Z-point   recedes 

aloiiK  6  c  to  infinity. 

It  is  interesting  to  observe  that  we  have  approached  the  condition 
o£  a  capacity  and  inductance  where  klp's^i  from  three  points  of 
view,  resulting  in  the  Z-point  l>eing  at  infinity  along  a  b  produced  ; 
at  infinity  along  b a  produced  ;  and  at  infinity  along  be  produced.  But 
two  or  more  points  on  the  diagram  cannot  represent  the  same  potential 
since  this  would  be  contrary  to  the  convention  upon  which  the  diagram 
is  t>a5ed« 

Consideration  of  the  principle  of  equivalent  masses  and  the  position 
ci  the  centre  of  gravity  in  relation  thereto  at  once  leads  us  to  the 
following  conclusions  : — 

t.  That  the  position  of  a  Z-point  and  of  the  point  of  zero  potential 
depend  upon  the  relative,  and  not  upon  the  absolute,  values  of  the 
leakage  constants. 

2.  If  w  be  the  total  conductance  of  a  number  of  conductance  leak- 

a|»e  paths  whose  Z-point  is  at  P,  and  K,  the  total  capacity  of  a  number  of 
paths  whose  Z-point  is  at  P^  the  Z-point  of  the  whole  system  may  be 

determined  as  if  there  were  merely  a  single  path  f^  J  at  P,  and  a 

single  path  [  K  ]  at  P,. 

3.  In  the  system  postulated  in  2,  let  P  be  the  resultant  Z-point 
(obtained  by  joining  P„  P,  and  applying  the  semicircle  construction). 
If,  now.  additional  paths  be  introduced,  the  position  of  the  zero 
potenttal-point  may  be  determined  as  if  the  only  existing  leakage 

peUhs  were  the  additional  ones,  and  a  single  path  f  h  »  k"]  at  P. 

4.  If  the  position  of  the  Z-point  due  to  a  combination  of  leakage  paths 
ot  total  conductance  ^  and  total  capacity  K  be  at  P„  and  the 
position  of  the  Z-point  due  to  another  combination  of  total  con- 
ductance 1^,  f  and  total  capacity  K'  be  at  P„  then  if  both  combinations 

be  present  simultaneously  the  position  of  zero  potential  may  be  calcu- 
lated as  though  the  only  paths  existing  were   those  represented   by 

r[^.K]atP,and[jJ..K«]atP^ 

5.  For  the  determination  of  the  point  of  zero  potential  we  may 
replace  any  combination  of  leakage  paths  by  any  other  combination 
ai  the  same  total  capacity  and  conductance  giving  the  same  Z-point 

We  will  now  apply  some  of  the  results  ot>tained  above. 

The  analogy  between  the  position  of  the  centre  of  gravity  of  a 
DOiDber  of  masses  and  that  of  the  point  of  zero  potential  due  to  a 
oofobination  of  leakage  path&  shows  u&  that  if  .current  leak  to  earth 
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from  the  three  terminals  of  a  3-phase  system,  and  the  leakage  paths 
comprise  only  conductances,  or  capacities,  or  inductances,  the  zero 
potential-point  must  lie  within  the  triangle.  Fig.  7.  It  can  only  lie 
on  the  boundary  if  the  leakage  current  from  the  opposite  terminal  is 
zero.  If  some  of  the  leakage  paths  comprise  conductance  and  some 
capacity,  or  if  some  comprise  conductance  and  some  inductance,  the 
zero  potential-point  must  lie  on  or  within  the  curved  boundary  made 
up  of  the  three  semicircles  as  in  Fig.  7.  In  this  case  we  may  have  a 
potential  such  as  cP,  greater  than  any  E.M.F.  generated  within  the 
system. 

It  is  interesting  to  note  in  this  connection  that  if    we   have   a 

capacity  at  a,  and  a  conductance  at  h  such  that  kp^  the  zero  poten- 
tial-point will  be  at  P  with  one  direction  of  rotation,  and  at  P,  with  the 
opposite  rotation  of  the  generator.  Thus  we  see  that  the  maximum 
potential  may  depend  on  the  sense  of  rotation  of  the  generator 
system.  This  is  an  instance  exemplifying  the  dissymmetry  of  a  3-phase 
system  depending  on  phase  rotation. 

If  we  have  a  combination  of  conductance,  capacity,  and  inductance 
paths  the  zero  potential-point  may  lie  anywhere,  and  may,  in  fact,  be 
at  infinity.    This  is,  of  course,  a  case  of  partial  or  complete  resonance. 

The  case  previously  considered  of  capacity  in  combination  with 
conductance  is  not  unlike  partial  resonance. 

On  the  other  hand,  where  the  boundary  involves  a  re-entrant  angle 
as  a,  6,  c  in  Fig.  3,  the  zero  potential-point  may  lie  external  to  the 
boundary,  e.g.^  as  at  P,,  Fig.  3. 

In  a  given  3-phase  system  leakage  conductances  — ,  — ,  -  occur 

^t      fa     ^3 

at  the  terminals  a,  6,  c.    Suppose  -  to  be  the  smallest  of  these. 

We  may  then  consider  that  we  have  two  combinations  of  con- 
ductances, namely,  a  conductance  -    at  each  pole,  and  also  conduct- 

^i 

ances  o,  \ J  and  T J  ^^    *^^   three   poles    respectively. 

For  the  first  combination  the  Z-point  is  at  the  neutral-point  o ;  taking 
the  second  combination  by  itself,  the  Z-point  lies  on  the  line  b  c  at,  say, 
P„  Fig.  8.  The  whole  combination  is  therefore  equivalent  to  a  con- 
ductance —  at  o,  together  with  a  conductance  f-  H ^1  at   P,. 

The  resultant  Z-point,  or  zero  potential-point,  is  readily  found,  and 
lies  on  oP,  at,  say,  Pj.  Now,  superpose  a  capacity  k  at  each  pole, 
the  equivalent  system  is  given  by  a  capacity  of  3  J^  at  o,  and  a  con- 
ductance of  I  — I-  — I —  I  at  Pg. 

It  will  be  seen  how  simple  the  determination  of  the  position  of  the 
zero  potential-point  has  become. 

At  first  sight  it  would  appear  that  the  problem  would  be  complicated 
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by  the  existence  of  internal  leakage  paths  in  the  generative  system. 
The  complication,  however,  disappears  as  soon  as  we  localise  these 
poUhs  at  the  experimentally  determined  Z-point. 

Thus,  if  we  measure  R  the  total  insulation  resistance,  and  K  the 
total  capacity,  and  determine  the  position  of  the  Z-point  by  volt« 
meter  readings  to  be  at,  say,  P„  we  may  consider  the  total  distributed 
leakage  paths  to  be  replaced  by  a  single  leakage  path  denoted  by 

The  effect  of  equal  capacities  at  the  poles  (as  when  a  cable  network 
i*»  connected)  in  rendering  the  potential  of  the  neutral-point  more 
stable  is  very  obvious. 

Suppose  in  Fig.  8,  a  and  c  to  be  perfectly  insulated  and  that  at  6 
a  very  small  conductance  leakage  path  exists.    However  small  this  con- 


Kit..  7. 


KiG.  8. 


doctance  may  l>c  the  zero  potential- point  will  be  at  b.  Now  introduce 
at  a,  ft,  and  c  a  capacity  k,  or  the  equivalent  of  3  A  at  o.    If  3  A^  t>e 

Urge  in  comparison  with-  (the  conductance)  the  effect  of  capacity 

will  be  to  move  the  zero  potential- point  from  6  to  the  immediate 
neighbourhood  of  o,  by  a  semicircular  path. 

A  similar  result  would  be  obtained  if  o  were  connected  to  earth 
by  a  moderately  high  resistance,  but  considerably  lower  than  r,  only 
in  (his  case  the  zero  potential-point  would  travel  along  o  6  towards  o. 

Sow,  if  it  be  desirable  to  render  the  electrostatic  voltmeter  arrange- 
ment a  sensitive  relative  insulation  indicator,  the  capacity  must  be 
oetitraliiied  by  the  introduction  of  inductances. 

For  this  purpose  each  3-core  cable  would  have  a  3-phase  induct- 
ance connected  permanently  between  each  core  and  earth,  so  that  for 
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xero-potefUial -points  due  to  leakoge 
h     paths  containing  eondttdunoe  only; 
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Neu&r&lized 
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the  particular  frequency  the  capacity  of  the  system  would  be  always 
ocutraitscd  no  matter  how  many  cables  were  in  use.  If  the  generator 
windings  had  appreciable  capacity  this  again  would  need  neutralising. 
Tappings  might  be  taken  from  the  windings  of  the  choking  coils  to 
which  low-tension  electrostatic  voltmeters  were  connected,  thus  avoid- 
ing the  use  of  high-tension  voltmeters  altogether.  The  choking  coils 
ooanectcd  to  the  generators  might  possibly  be  further  used  for  syn- 
chrooisiag  and  other  purposes. 

It  may  be  considered  that  anything  which  tends  to  render  the 
potential  of  the  neutral-point  stable  is  advantageous,  and  that  the  capa- 
city effect  is  therefore  beneficial.  If  this  view  be  adopted,  and,  as 
prcviouiJy  stated,  considerable  difference  of  opinion  exists  among 
engineers,  surely  the  simplest  manner  of  achieving  this  result  would 
be  to  connect  the  neutral-point  to  earth  through  a  suitable  resistance. 
By  this  means  the  potential  of  the  neutral-point  may  be  rendered  as 
stable  as  may  be  desired.  It  must,  however,  be  remembered  that 
onless  the  neutral-point  be  directly  connected  to  earth,  a  total  earth 
at  any  terminal  must  raise  the  potential  of  the  neutral-point  and  the 
other  terminals  to  the  same  extent  as  if  the  neutral-point  were  insu- 
lated, unless,  indeed,  considerable  internal  drop  of  pressure  occur 
in  the  generator  system. 

It  i$  not  practically  possible  to  perfectly  neutralise  a  capacity  effect, 
because  inductances  cannot  be  constructed  in  which  the  current  lags 
^  behind  the  E.M.F. 

Probably  inductances  could  be  made  of  the  size  required  for  this 
purpose  in  which  the  loss  did  not  exceed  2  per  cent  of  the  apparent 
power,  but  in  order  to  exemplify  the  effect  of  imperfect  inductances, 
let  ns  assume  that  84*'  is  the  practicable  limit,  then  it  is  clear  that 
when  we  neutralise  the  capacity  K  at  a  point,  we  introduce  the  equivalent 
of  a  conductance  at  the  same  point  whose  value  is — 

K/^  tan  6"  (=01  Kp\ 

It  is  perhaps  as  well  to  (>oint  out  that  in  the  imperfect  inductance 
we  have  a  combination  of  inductance  and  resistance  in  series,  whereas 
we  arc  replacing  this  by  a  combination  of  inductance  and  resistance  in 
parallel  giving  the  same  power  factor.  Such  a  substitution  can  only  be 
valid  for  a  system  where  the  frequency  is  constant.  Further,  the 
capacity  effect  is  only  neutralised  by  a  given  inductance  at  one 
particular  frequency. 

In  Fig.  9  we  represent  the  position  of  the  zero  potential-point  in  a 
3-phasc  system:  (i)With  various  insulation  resistances  at  the  poles; 

(2)  with  a  capacity  of  5*3  microfarads  between  each  pole  and  earth 
(a  figure  undoubtedly  surpassed  in  many  systems  in  this  country) ; 

(3)  with  this  capacity  effect  neutralised  by  inductances  of  which  the 
lag  angle  t&  84*.    Frequency  assumed  sorvi. 

Fig.  9  i&  to  be  read  in  conjunction  with  the  following  table  : — 
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It  will  be  noticed  that  if  the  insulation  of  each  pole  is  i  megohm 
or  more,  the  effect  of  the  capacity,  whether  neutralised  or  not,  is  to 
render  the  neutral-point  quite  stable. 

If  the  minimum  insulation  of  a  pole  be  100,000  ohms,  the  zero 
potential-point  just  begins  to  deviate  from  the  neutral-point  if  the 
capacity  be  neutralised. 
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If  the  minimum  resistance  of  a  pole  be  10,000  ohms  the  deviation  of 
the  zero  potential-point  is  marked  if  the  capacity  be  neutralised,  but 
scarcely  measurable  if  this  be  not  the  case. 

With  a  minimum  insulation  resistance  of  1,000  ohms  the  deviation  of 
the  zero  potential-point  with  the  capacity  neutralised  is  great.  Without 
thi>  neutralising  diect,  however,  the  deviation,  though  quite  measur- 
able, is  not  great. 

When  the  minimum  insulation  resistance  per  pole  is  of  the  order  of 
iO(>  ohms  the  zero  potential-point  is  quite  unstable  ;  it  will  be  noticed 
that  it  may  fall  outside  the  triangle  altogether,  see  Fig.  9  (bottom  right- 
tiand  diagram). 

If  we  assume  a  smaller  loss  in  the  inductances,  their  neutralising 
effect  will  be  greater.  It  should  thus  be  possible  to  render  the  electro- 
static device  very  fairly  sensitive. 

In  an  extra  high-tension  system  such  as  we  have  been  considering, 
it  is  hardly  conceivable  that  a  fault  measuring  1,000  ohms  can  develop 
without  almost  immediately  becoming  a  total  earth,  since  the  heat 
j^cnerated  in  such  a  fault  would  be  very  great  indeed.  Suppose,  for 
example,  that  the  insulation  resistance  of  one  pole  be  1,000  ohms,  and 
the  insolation  resistance  of  the  other  two  poles  be  infinity,  the  effect 
of  the  capacity  of  the  system  would  be  such  as  to  maintain,  to  a 
coasderable  extent,  the  potential  of  the  defective  pole.  If  the  voltage 
between  phases  be,  say,  6,500,  then,  with  the  constant  above  assumed, 
the  potential  to  earth  of  the  defective  pole  would  be  of  the  order  of 
3,700  volts  (see  diagram  corresponding  to  Table  IV.).  It  follows  that 
beat  would  be  generated  at  the  fault  to  the  extent  of  13  k.w.,  which 
would  obviously  be  sufficient  to  rapidly  burn  out  the  remaining 
insolation* 

Several  engineers  in  charge  of  extensive  high-tension  systems  have 
called  attention  to  the  fact  that  when  a  fault  develops  on  a  cable  a  very 
little  time  elapses,  as  a  rule,  between  the  moment  when  a  disturbance 
of  the  electrostatic  voltmeters  is  first  detected,  and  the  development  of 
the  fault  into  a  dead  earth,  a  time  frequently  insufficient  for  the 
localisation  and  interruption  of  the  faulty  feeder.  In  the  light  of  the 
abore  calculations,  the  reason  for  this  is  fairly  obvious,  and  this,  at 
least,  is  an  argument  in  favour  of  neutralising  the  capacity  effect,  as  far 
as  possible,  and  thus  rendering  the  electrostatic  voltmeter  combination 
more  sensitive.  We  also  see  that  keeping  the  neutral-point  of  an 
extensive  system  unearthed  is  absolutely  no  safeguard  against  shock  to 
a  human  being  should  he  come  in  contact  with  one  pole.  The  capacity 
effect  is  such  as  to  render  the  earth-point  stable,  so  that  he  would 
receive  very  nearly  the  full  voltage  across  his  body,  producing  a 
corresponding  current.  There  can  be  no  safeguard  whatsoever  in 
keeping  the  neutral-point  unearthed.  It  is  also  doubtful  whether 
neutralising  the  capacity  in  the  manner  suggested  would  prove 
Msffidcnt  afcguard :  first,  because,  as  already  explained,  the  capacity 
cannot  be  neutralised  in  a  practicable  manner  without  introducing  the 
effect  of  additional  conductance  ;  and,  :>ccondiy,  because  the  capacity 
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can  only  be  neutralised   at  one  particular  frequency  with  a  given 
combination  of  inductances. 

If  we  consider  a  triple  frequency  term  to  exist  in  the  E.M.F. 
generated  in  each  phase  winding  of  a  Y-connected  generator,  we  may 
consider  all  the  phase  windings  in  parallel  as  far  as  this  term  is  con- 
cerned. 

Let  us  consider  such  a  triple  frequency  term  by  itself. 

If  the  neutral-point  be  perfectly  insulated  and  any  leakage  path 
whatsoever  occurs  at  the  poles,  these  will  be  at  earth  potential,  and  the 
potential  of  the  neutral-point  will  differ  from  that  of  earth  by  the  full 
amount  of  this  triple  frequency  term.  If,  therefore,  a  triple  frequency 
term  exist,  although  the  system  be  perfectly  balanced,  the  potential 
of  each  pole  in  relation  to  earth  will  be  very  much  modified  by  connect- 
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ing  the  neutral-point  to  earth  through  a  resistance,  not  only  as  regards 
the  maximum  potential  difference,  but  also  as  regards  the  shape  of  the 
potential-difference  wave.  Fig.  lo  represents  an  E.M.F.  wave  with  a 
pronounced  triple  frequency  term.  If  the  neutral  be  perfectly  insulated 
the  sine  curve  represents  the  potential  difference  between  each 
terminal  and  earth.  If  the  neutral-point  be  earthed  the  peaked  curve 
represents  the  potential  difference.  Thus,  earthing  the  neutral-point 
may  result  in  increasing  the  maximum  potential  difference  of  the 
terminals  to  earth. 

When  the  neutral-point  is  earthed  through  a  resistance,  the  resistance 
must  be  low  enough  to  cause  the  protective  device  to  open  the  circuit 
should  any  pole  become  grounded,  but  at  the  same  time  it  should  be 
sufficiently  amply  proportioned  to  avoid  the  possibility  of  it  burning 
out  should  the  protective  device  fail.  This  implies  that  the  resistance 
shall  be  capable  of  a  very  great  rate  of  dissipation  of  energy  without 
overheating.  To  overcome  this  difficulty,  choking  coils  have  been 
suggested  in  place  of  resistances. 
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The  effect  of  2  choking  coil  between  neutral  and  earth  will,  how- 
ever, be  to  still  further  increase  the  maximum  potential  difference  of 
c3H:h  pole  to  earth.  This  case  is  represented  in  Fig.  5.  If  a  is  the 
aeotral -point  and  b  represents  the  three  terminals  of  the  system,  zero 

potential  will  lie  somewhere  t)elow  a.    Since,  however,  j^  would  be 

very  great  in  comparison  with  kO  the  increase  of  the  maximum 
potential  difference  would  not  be  important.  Should,  on  the  other 
hand,  the  choking  coil  be  wrongly  proportioned,  or  should  high 
frequency  terms  exist  in  the  E.M.F.  wave,  as  sometimes  occurs  due  to 
the  namber  of  slots  per  pole  in  the  armature  core,  an  undesirable 
increase  of  potential  difference  may  be  produced.  Resistance  intro- 
duced into  the  choking-coil  circuit  will  serve  more  or  less  as  a 
safeguard. 

In  the  event  of  triple  frequency  terms  being  present  in  the  E.M.F. 
generated  in  each  phase  winding,  they  will  not  appear,  as  is  well 
known »  in  the  voltages  between  poles. 


Fig.  II. 


Fig.  iiA. 


If  V,  J,  W,.  V,.,  be  determined  by  direct  measurement  and  the  triangle 
coostmctod,  the  neutral-point  must  l>e  considered  as  raised  at>ove  the 
centre  of  ttie  diagram  (at  right  angles  to  the  paper)  by  the  amount  of 
the  triple  frequency  term  (R.M.S.  value),  see  Fig.  11,  representing  a 
triangular  pyramid  in  perspective. 

If  the  E.M.F.  in  a  given  phase  is  r,  sin  pi  -h  v,  sin  3/^/,  then  the 

value  of  V,^  etc.,  as  measured,  is  ^^  r,. 

The   potential  difference  between  neutral  and  pole  as  measured 

will  be  vrrp.'+«V)- 

In  Fig.  IIA,  which  may  be  taken  as  representing  the  base  of 
tJbc    pyramid,   O  a    b  -^  r„  hence,  if  the  height  of  the  triangular 

pyramid    be    (^-\  ^j*  the  three  inclined  sides  will  have  a  length 
%^4  ^p.' +  «*/);  they   MdW  therefore  represent   the   magnitude  of  the 
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E.M.F.  of  each  phase  winding,  but  we  cannot  assign  any  phase 
relations  to  them  from  their  positions  in  the  diagram. 

If  the  neutral-point  be  insulated  and  balanced  leakage  effects  occur 
at  the  poles,  the  zero  potential-point  will  lie  in  the  base  of  the  p5rramid 
immediately  under  the  apex ;  the  effect  of  earthing  the  neutral-point  will 
be  to  cause  the  zero  potential- point  to  ascend  to  the  apex. 

The  principles  already  explained  may  be  further  applied  to  the 
case  of  a  primary  and  secondary  system  which  are  inductively 
interconnected. 

In  Fig.  I2A  a,  b,  c  represents  the  primary  E.M.F.'s  of  three  trans- 
formers in  3-phase  triangle  grouping,  and  we  will  suppose  that  the 
conditions  (elsewhere)  are  such  that  zero  potential  is  at  P,. 

The  figure  a',  b\  d  represents  the  secondary  E.M.F.'s  whose  phase 
relations  and  magnitudes  are  determined  by  the  magnetic  relations 


Fig.  I2A. 


Fig.  I2B. 


connecting  the  primary  and  secondary  systems.  Obviously,  the 
Z-point  of  the  secondary  system  may  or  may  not  be  at  P,,  depending 
on  the  leakage  conditions. 

Suppose,  for  example,  there  were  a  fault  in  the  primary  to 
secondary  insulation  so  that  the  point  a!  became  connected  to  the 
point  dy  the  position  of  the  secondary  system  would  be  that  shown  in 
Fig.  I2B.  In  fact,  we  may  imagine  the  secondary  system  movable 
within  the  primary — but  always  with  a  motion  of  translation — its 
position  depending  upon  the  leakage  effects  between  primary  and 
secondary  and  between  secondary  and  earth. 

The  question  is  what  decides  the  position  of  the  secondary  in 
relation  to  that  of  the  primary.  Imagine  the  secondary  moved  about 
with  a  motion  of  translation  until  a  position  is  reached  where  the  total 
current  leaking  from  primary  to  secondary  at  every  instant  is  zero. 
Let  this  position  of  the  secondary  be  defined  by  means  of  its  Z-point, 
uc.t  call  the  position  of  the  Z-point  P3  when  this  occurs. 

Concentrate  the  whole  of  the  primary-to-secondary  leakage  paths  at 
P3  and  the  whole  secondary-to-earth  leakage  at  P„  the  resultant  Z-point 
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will  be  the  actual  Z-p>oint  of  the  secondary  system,  and  this  determines 
the  position  of  the  secondary  in  relation  to  the  primary  and  earth. 

Proof  of  this  will  be  found  in  the  Appendix.  As  an  example, 
consder  the  3 -phase  transformer  combination  in  Fig.  13,  and  let  the 
primary-to-secondary  and  secondary-to-earth  leakage  t>e  symmetrical 
so  that  P3  is  at  o. 

We  then  concentrate  the  total  primary  to  secondary  leakage  paths 

denoted  by  [  i-,  K^]  at  o. 

(R^  is  the  total  insulation  resistance,  and  K^  the  capacity  between 
primary  and  secondary.) 

Next,  suppose  that  owing  to  some  fault  in  the  external  circuit  earth 


Fig  13. 

potential  b  at  a.    We  concentrate  at  a  the  total  secondary  leakage 
paths,  oi*  fp  »  K«  J,  and  find  the  resultant  Z-point  at  P,.    This  is  the 

Z-potnt  of  the  secondary  system  (see  Fig.  13). 

We  thus  see  that  if  the  leakage  l>etween  primary  and  secondary  be 
nnbaUiiced,  or  the  zero  potential-point  be  not  symmetrically  located, 
the  potential  to  earth  of  the  secondary  system  as  a  whole  may  be 
considerably  raised. 

It  is  moreover  obvious  that  the  conditions  might  be  such  that  the 
secondary  system  lay  entirely  external  to  the  primary  system. 

If  the  generator  be  Y-connected  and  a  triple  frequency  term  exist 
in  the  E.M.F.,  although  no  such  term  can  appear  in  the  internal 
fccoodary  E.M.F.'s,  yet,  if  the  neutral-point  of  the  generator  be 
earthed,  a  triple  frequency  term  will  be  transmitted  by  electrostatic 
tndoctive  action  to  the  secondary  system  as  a  whole,  that  is  to  say,  the 
potential  difference  t)etween  this  system  and  earth  will  involve  a  triple 
frequency  term. 


ftaO    PifeLD:  THE  POtEMTlAL  OF  t^ARTlAtLY  INSULATED 

APPENDIX. 

So  long  as  we  consider  that  the  internally  generated  E.M.F.'s  follow 
sine  laws  we  can  represent  them  as  vectors  on  the  diagram  ;  but  if  the 
E.M.F.'s  vary  according  to  more  complex  laws,  the  diagram  no  longer 
conveys  any  meaning,  and  the  centre  of  gravity  analogy  breaks 
down. 

In  this  case,  we  can  still  speak  of  the  potential  of  any  imaginary 
external  point,  and  to  make  the  conception  definite  we  assume  it  bound 
to  the  system  by  an  E.M.F.  equal  to  the  difference  of  potential  of  the 
point  in  question  and  of  that  to  which  it  is  bound.  We  shall  now  see 
that  the  various  theorems  previously  employed  are  true  generally. 

(Consider  a  system  with  any  number  of  leakage  paths. 

Let  the  nib  leakage  path  be  denoted  by  j —,  *„  1. 

Let  Vo  be  the  value  of  the  potential  of  some  point  of  the  system  and 
let  the  potential  of  the  nth  leakage  point  be  v,,  +  iv  The  internal 
E.M.F.'s  being  known  we  know  the  value  of  all  terms  such  as  Vn,  and 
we  wish  to  determine  the  value  of  Vg, 

We  have,  then — 

and  if — 
we  have— 


\  =  2i  and  K  =  s;fe„, 


l^  +  KB 


(4) 


Now,  if  Vo=^f\i)  be  a  solution  of  this  equation,  and  ^  (/)  be  such  that 
(^  +  K  e)  0  (/)  =  o,  then/(/)  +  ^  (0  is  also  a  solution  of  (4). 

^(/)  represents  the  variation  of  potential  of  the  whole  system  during 
the  abnormal  condition  already  referred  to.  It  is  obviously  a  non- 
periodic  function. 

It  is  quite  evident  that  if  the  constants  of  all  the  leakage  paths  had 
been  increased  m  times,  the  value  of  v^  in  (4)  would  remain  unaltered, 

II.  Consider  a  combination  of  leakage  paths,  and  let  that  at  the  wth 

leakage  point  be  denoted  by  I  -  ,  k„  ].     Let  the  Z-point  be  at  P,  and 
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let  the  potential  of  the  nth  leakage  point  in  relation  to  that  of  the 
Z-point  be  Fi^  we  have  then— 


S(i;  +  *.«). 


BO. 


Now,  introduce  additional  leakage  paths  so  that  the  zero  potential- 
point  deviates  from  P.  Let,  now,  the  potential  of  P  be  r^  and  the 
total  cturent  to  earth  due  to  the  additional  leakage  paths  be  c. 

Wc  then  have — 

s(~  +  *,e)(r^  +  r,)  +  c  =  o. 

orif- 

2;^  =  ^andS*,=»K, 


bat  this  is  the  result  we  should  have  obtained  had  we  assumed  the 
whole  of  the  original  leakage  paths  concentrated  at  P. 

III.  Consider  a  combination,  so  that    the    nth    leakage  path  is 

denoted  *>y  I  - » *- |   involving  a  Z-point  at  P„  and  let  r«  be  the 

potential  of  the  nth  leakage  point  in  relation  to  that  of  P,. 
Then— 


S^  +  *.,e)r,=o. 


Ncxt«  consider  a  new  combination  of  leakage  paths  which  by  them- 
selves produce  a  Z-point  at  P^     Let  the  individual  leakage  paths  be 

represented  by  the  general  from  f    ,,  V  j  and  let  v/  l>e  the  potential 

of  the  fth  leakage  point  in  relation  to  that  of  P, ;  we  have  then — 

Let— 

Now,  suppose  that  the  two  combinations  be  introduced  simul- 
tancomly,  let  the  potential  of  Pf  be  v'  and  of  P,  r". 
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We  have — 


hence  also — 


But  this  is  the  equation  we  should  have  obtained  had  we  considered 


the  whole  of  the  first  combination  concentrated  at  P,  and  the  whole  of 
the  second  combination  concentrated  at  Pa. 
If— 

I 


R 


=  o,  and  K'  =  o, 


we  have — 


K9v'  +  ~^,v"=zo, 


which  indicates  that  in  a  system  of  distributed  capacity  and  con- 
ductance leakage  paths,  we  can  consider  each  class  separately,  obtain- 
ing the  Z-point  as  if  this  class  alone  existed. 

We  may  therefore  concentrate  all  capacity  at  one  Z-point,  and  all 
conductance  at  another  Z-point,  and  thus  reduce  the  problem  to  a 
system  of  two  leakage  points. 

IV.  Let  fl,  6,  c,  d,  ^,/  be  a  primary  system,  and  p,  q,  r,  s  a  secondary 
system  electromagnetically  interconnected  so  that  the  phase  relations 
and  magnitudes  of  the  internal  E.M.F.'s  are  determined,  see  Fig.  14. 

Assume  the  position  of  earth  potential  is  at  P„  this  being  fixed  by 
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oofi^derations  outside  the  system  under  discussion.  So  long  as  the 
secoodary  leakage  paths  remain  constant,  the  Z-point  of  the  secondary 
system  will  have  a  definite  position  in  relation  to  the  boundary 
f,  q,  r,  5.  If  the  leakage  paths  between  primary  and  secondary  vary, 
the  secoodary  system  will  move  with  a  motion  of  translation  within 
the  primary,  iHit  the  Z-point  will  move  with  it,  maintaining  its 
relation  thereto. 

There  arc  three  points  to  be  considered  :  the  zero  potential-point  P„ 
the  actual  position  of  the  Z-point  of  the  secondary  system  ?„  and  the 
position  this  would  have  to  occupy  in  order  that  the  total  leakage 
current  from  primary  to  secondary  might  be  zero  at  every  instant,  P3. 

If  r.  be  the  potential  of  the  secondary  Z-point,  the  total  current 
flowing  is  obviously — 


(1+K,e> 


where  R,  is  the  total  insulation  resistance  and  K,  the  total  capacity  of 
the  secondary*  system. 

Now,  the  primary  and  secondary  systems  are  connected  by  leakage 
which  paths  we  may  express  by  the  general  form — 


[i-»-]- 


If  r.  is  the  potential  difference  acting  between  the  primary  and 
secondary  along  the  nth  leakage  path,  the  total  current  flowing  from 
primary  to  secondary  may  l>e  expressed  as — 

^(r>*-«')/" (5) 

Hence  we  have —  ' 


2;(l  +  ..0)^r.-.Q+K4,  =  o.    .    . 


(6) 


Now,  imagine  that  the  whole  of  the  secondary  system  with  its 
Z-poiiit  could  be  moved  so  that  the  potential  of  the  Z-point  is  t'o  +  t/ 
in^cad  of  1*0  as  previously. 

Then  the  current  flowing  from  prinury  to  secondary  would  be — 


2(>;+*-<')/--(;-+My. 


where  ^  and  K^  are  the  total  conductance  and  capacity  respectively 

of  the  leakage  paths  between  primary  and  secondary. 

Let  t^  be  so  chosen  that  this  expression  is  zero  (obviously  this  is 
possible),  then  (6)  becomes  : — 
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Let  us  now  consider  the  three  points :  zero  potential  P„  the 
Z-point  Pa,  and  position  of  Z-point  P3,  in  order  that  the  total  primary- 
to-secondary  leakage  may  be  zero. 

The  p>otential  difference  P3  —  P^  is  t/,  and  the  potential  difference 
Pi  —  Pa  is  —  Vo,  hence  if  we  consider  a  2-leakage  point  S3rstem  with 
poles  at  P3  and  P,  and  concentrated  leakage  paths  at  these  poles  of 

I  p-,  K^  J  and  I -- ,  K,|  respectively,  the  above  equation  would  define 

the  position  of  the  Z-point,  t/  being  the  potential  of  P,  to  Z-point,  and 
—  Vo  that  of  P,  to  Z-point 

If,  then,  from  symmetry  or  otherwise  we  can  determine  the  position 
of  P3  and  we  know  the  position  of  the  zero  potential-point,  we  con- 
sider the  total  primary-to-secondary  leakage,  and  the  secondary-to-earth 
leakage  concentrated  at  these  poles,  and  the  resultant  Z-point  is  the 
actual  Z-point  of  the  secondary  system. 

The  application  of  this  principle  has  already  been  indicated. 
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NEW  ALTERNATE-CURRENT   INSTRUMENTS. 

By  W.  E.  SuMPNER,  D.Sc.,  Member,  and  J.  W.  Record, 
Associate  Member. 

{Recalled  from  I9u  Birmingham  Local  Section,  November  7,  1907,  read 
in  London  on  March  19,  and  at  Birmingham  on  April  8,  1908.) 

SUMMARY. 

IsmtoDccnoN. 

Shcvt-magnet  Instruments.— The  Structure  of  the  Magnet  and  the  Moving 
System — The  Quadrature  Transformer — Wattmeter  Circuit  Connections 
— Magneto  static  Voltmeter— Portable  Standard  Instruments — Capacity 
Measurements. 

IvrnirMEKTs  for  Phase  Measurement.— Idle-current  Ammeters— Iron- 
cored  Phasemeters — Voltage-wound  Phasemeters. 

C%UBRATioN  AND  ACCURACY. — Wattmeters  and  Voltmeters — Phasemeters. 

Appendix.— Note  i.  Summation  Wattmeter — Note  2.  Neutral  Point  Reactance 
Coil  for  Shunt-magnet  Wattmeters. 

Introduction. 

The  iostminents  referred  to  in  this  paper  arc  the  outcome  of  an 
investigation  on  the  properties  of  iron-cored  electromagnets  for  use  in 
altemsUe-cnrrent  instniments.  Two  papers  dealing  fully  with  the 
theory  and  testing  of  these  instruments  have  already  been  published.'*' 
We  do  not  propose  to  reproduce  any  matter  contained  in  those  com* 
mnnications,  but  to  describe  the  instruments  as  actually  constructed, 
and  to  state  their  uses  and  properties.  We  shall  rely  on  the  papers 
referred  to  as  theoretical  evidence  for  the  truth  of  the  assertions  made. 

It  is  nevertheless  desirable  again  to  point  out  the  idea  which  forms 
the  Insis  of  the  whole  matter.  Iron-cored  instruments  are  not  new, 
and  their  advantages  as  regards  sensitiveness  are  well  known.  But  to 
make  such  instruments  accurate  it  is  necessary  to  have  a  magnet  the 
strength  of  which  depends  upon  the  excitation  in  a  manner  indepen- 
dent of  the  variable  physical  properties  of  the  core,  such  as  perme- 
ability, hysteresis,  etc.  Such  electromagnets  are  not  to  be  found  in 
commercial  instruments  as  hitherto  made.  It  is  in  this  connection  that 
the  fundamental  difference  between  the  series  magnet  and  the  shunt 
magnet  is  so  important  When  a  magnet  is  series  excited,  by  a  cur- 
rent through  the  field  winding,  the  flux  which  is  produced  depends 
opoQ  the  current  and  on  the  physical  properties  of  the  core,  but  is 

•  "Tb*  U»c  of  Iron  in  Altenute-current  InBtrumcnts,**  yommal^  ImsMuiion  ef 
f.U,trual  Enj^tmitn,  vi>L  54.  **New  IroQ-cofed  lottrumeots  for  Altcmate'CtuTcot 
W'»kmg,"  Ibid,  v<A.  36 
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quite  independent  of  the  resistance  of  the  winding.  The  strength  of 
the  magnet  caused  by  a  given  current  is  the  same  for  a  winding  of 
manganin  wire  as  for  one  of  copper  wire.  But  if  the  magnet  be 
excited  by  the  voltage,  the  flux  is  controlled  by  this  voltage,  and  does 
not  depend  upon  the  properties  of  the  core.  This  would  be  true  with 
mathematical  accuracy  were  it  not  for  the  resistance  of  the  winding. 
Provided  this  resistance  can  be  made  small  compared  with  the  im- 
pedance it  does  not  matter  whether  the  core  of  the  magnet  be  of  iron, 
or  of  brass,  or  of  wood.  In  all  cases  the  flux  in  the  magnet  will  be 
determined  by  the  exciting  voltage  and  by  the  winding,  not  by  the 
core.  Variations  in  permeability  or  eddy  currents  affect  the  magne- 
tising current,  not  the  magnetism  produced.  If  the  voltage  is  doubled 
the  magnetism  must  also  be  doubled,  whether  the  permeability  does  or 
does  not  remain  the  same  in  the  two  cases. 

With  the  shunt  magnet  the  eddy  currents  caused  in  a  small  piece 
of  brass  do  not  affect  the  magnetism  caused  by  the  exciting  voltage. 
In  the  construction  of  the  wattmeters  now  to  be  described  it  is  thus 
permissible,  within  reason,  to  use  brass  clamping-pieces  in  the  neigh- 
bourhood of  the  moving  system.  This  is  an  important  advantage  from 
a  maker's  point  of  view.  With  a  series  magnet,  on  the  other  hand, 
the  eddies  induced  in  a  piece  of  solid  metal  do  affect  the  magnetism 
caused  by  the  exciting  current,  and  hence  in  the  ordinary  dynamometer 
wattmeter,  or  in  the  special  quadrature  current  transformers  referred 
to  in  this  paper,  it  is  vitally  important  to  prevent  such  eddy  currents 
from  arising.*  The  strength  of  the  series  magnet  for  a  given  current  is 
dependent  on  the  properties  and  the  past  history  of  its  core.  The  field 
of  the  shunt  magnet,  on  the  other  hand,  is  independent  of  the  core,  and 
is  perfectly  controlled  by  the  voltage  applied  at  the  moment.  It  is  not 
affected  by  any  ageing  effect  in  the  core,  and  the  field  is  thus  even 
more  reliable  than  that  of  a  permanent  magnet  as  used  in  direct-current 
instruments. 

The  field  of  the  shunt  magnet,  though  caused  by  the  voltage,  is  not 
in  phase  with  it.  Special  means  must  be  devised  for  supplying  the 
movable  coil  with  such  a  current  as  to  make  the  deflection  of  the 
instrument  a  correct  measure  of  the  quantity  to  be  tested.  This  may 
at  first  seem  difficult,  but,  as  a  matter  of  fact,  is  quite  easy  to  do.  For 
the  wattmeter  a  special  form  of  current  transformer  is  needed.  For  the 
voltmeter  any  ordinary  condenser  may  be  used.  These  accessories  we 
call  quadrature  transformers,  since  their  function  is  to  produce  a  moving- 
coil  current  which  is  in  quadrature  with  the  circuit  current  or  voltage. 
They  correspond  in  many  ways  with  the  shunt  or  series  resistances 
used  with  permanent  magnet  ammeters  and  voltmeters.  The  indicating 
instrument  itself  has  the  characteristics  and  advantages  of  permanent 
magnet  instruments.  Strong  controlling  springs  can  be  used.  Stray 
magnetic  fields  have  no  influence  on  the  readings,  while  the  currents 

•  The  theory  of  the  disturbing  effect  of  eddy  currents  on  the  action  of  dynamo- 
meter wattmeters  was  first  given  by  one  of  the  present  authors  in  1892.  Sec  youmat. 
Institution  of  Electrical  Engineers,  vol.  21,  pp.  743-745- 
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actoally  used  in  the  ooils  are  very  small,  so  that  the  instrument,  like  a 
voltmeter,  can  readily  be  switched  from  one  circuit  to  another. 

It  will  not  at  once  be  seen  that  the  readings  of  the  instrument  are 
independent  of  frequency,  and  also  of  the  wave-forms  of  the  current 
aod  voltage.  A  complete  mathematical  proof  of  this  has  been  given  in 
the  papers  already  rdferred  to. 

A*»  regards  change  of  frequency,  it  may  t>e  pointed  out  that  the  field 
of  the  magnet  when  excited  by  a  given  voltage  will  be  doubled  if  the 
frequency  is  halved,  but  the  moving-coil  current  will  at  the  same  time 
be  halved,  so  that  the  product  of  field  and  moving-coil  currents  will  be 
independent  of  frequency,  and  it  is  this  product  that^determines  the 
deflection. 

Shuxt-magket  In^ruments. 

Tk€  Structure  of  the  Magnet  and  of  the  Moving  System, — ^The  design 
of  instruments  with  laminated  field  magnets  sui^ble  for  alternating 
current  presents  many  difficulties,  especially  when  a  short  air-gap  is 
essential  in  which  to  swing  a  moving  coil.  The  laminations  them- 
selves cannot  be  satisfactorily  used  for  a  base  or  foundation  to  carry 
other  portions  of  the  mechanism,  but,  on  the  contrary,  they  must  them- 
sctves  be  most  securely  fastened  to  a  framework  that  has  been  pre- 
pared to  hold  them  together  with  the  other  parts  in  fixed  relative 
positions  to  each  other. 

Laminated  magnets  for  alternating-current  work  likewise  cannot  be 
ground  or  filed,  and  when  the  laminae  are  assembled  to  form  a  block,  if 
their  edges  are  not  even,  the  necessary  truing  can  only  t>e  done  at  the 
risk  of  separating  the  laminae  to  clear  off  the  burrs  caused  by  the  filing, 
and  reassembling  once  more.  Almost  any  known  form  of  electro- 
magnet which  would  permit  a  coil  of  wire  to  swing  between  two  pole- 
faoes  could  have  been  selected  for  these  instruments,  but  partly  on 
account  of  the  above  difficulties  it  was  decided  to  design  a  magnet  with 
a  single  air-gap,  which  at  once  lessens  the  difficulty  of  obtaining  smooth, 
regular  pole-faces.  The  total  length  of  air-gap,  or  the  distance  of  one 
pok  from  the  other,  is  only  0*08  of  an  inch,  giving  a  clearance  of  0*02 
of  an  inch  each  side  of  the  moving  coil.  It  will  be  seen  that  a  very 
slight  projection  of  a  stamping  will  foul  the  moving  coil 

The  particular  form  of  magnet  shown  in  Fig.  i  has  also  been 
selected  in  order  to  reduce  the  magnetic  reluctance  of  the  circuit  to  a 
minimum,  on  account  of  its  easy  mechanical  construction,  and  to  allow 
a  large  angular  deflection  of  the  pointer  when  necessary.  The  block 
of  iron  stampings  A  is  securely  clamped  on  a  brass  framework  L.  The 
cross-section  of  the  iron  is  about  i  sq.  in.,  the  total  magnetic  flux 
t»  approximately  32/x)0  C.G.S.,  and  the  flux  density  about  5,000  C.G.S. 
(K.lf.S.  values),  at  the  normal  applied  voltage  on  5o-r>j  circuits.  As 
the  section  of  the  gap  is  five  or  six  times  that  of  the  iron  core  the  flux 
density  in  it  is  correspondingly  reduced.  It  is  generally  about 
t/30O  C.G.S.  lines  per  square  centimetre,  and  is  comparable  with  that 
osed  in  the  air-gaps  of  good  permanent  magnet  instruments. 
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To  reduce  the  copper  drop  to  the  least  possible  amount  the  largest 
size  copper  wire  that  can  be  wound  in  the  available  space  is  used. 
About  200  ampere-turns  are  needed  to  produce  the  flux  under  normal 
conditions. 

The  moving  coil  B  consists  of  about  40  turns  of  fine  copper  wire 
former  wound,  and  fixed  to  an  axle  fitted  with  hardened  steel  pivots 
and  supported  between  jewelled  screws  D  D  (see  Fig.  2). 

The  effect  of  temperature  variations  on  the  copper  windings  is 
completely  swamped  by  the  use  of  about  80  ohms  of  manganin  wire 
wound  non-inductively  and  joined  up  in  series.  This  extra  resistance 
also  serves  the  purpose  of  nullifying  the  slight  deflection  which  would 
otherwise  be  produced  by  induction  if  the  terminals  of  the  moving 
coil  were  short-circuited.  4t  will  be  noticed  that  the  pointer  E  and 
damping  vane  F  are  placed  so  that  their  weight  as  nearly  as  possible 
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balances  the  weight  of  the  moving  coil,  thus  the  inertia  of  the  moving 
system  is  not  increased  by  the  use  of  extra  masses  for  balancing  pur- 
poses. Owing  to  very  careful  balancing  all  gravity  control  is  eliminated, 
and  accurate  readings  of  the  instrument  can  be  taken  without  previous 
levelling. 

In  order  to  cheapen  construction  and  for  ease  in  assembling  the 
parts  the  frame  for  holding  the  moving  coil,  controlling  springs,  etc., 
is  so  constructed  that  it  can  be  removed  completely  from  the  iron  core 
without  disturbing  the  latter,  and  without  disconnecting  the  connec- 
tions or  removing  the  instrument  from  its  case.  It  is  shown  separately 
in  Fig.  2, 

An  air  chamber  H  for  damping  down  the  oscillations  of  the  pointer  is 
provided,  and  the  dial  of  the  instrument  forms  the  top  of  this  dash-pot. 
I,  I  are  the  exciting,  or  field  coils,  of  the  electromagnet  placed  in  shunt 
across  the  mains  (see  Figs,  i,  3,  and  4). 

The  torque  on  the  moving-coil  system  is  about  V2  gramme-ceoti- 


Fig.  13.— Double  Scale  for  Poi  table   Instrument  (p.  io». 
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metres  for  90°  deflection,  which  is  greater  than  that  usually  employed 
with  instnunents  of  the  dynamometer  or  induction  type. 

The  pbotof^raph  (Fig.  3)  shows  the  appearance  of  a  switchboard- 
type  instrument  with  case  cover  removed.  It  will  be  noticed  that 
the  scale  markings  are  very  evenly  spaced. 

Tk€  Quadrature  Transformer, — In  order  that  the  instrument  may  read 
watts  it  is  necessary  to  connect  the  electromagnet  in  shunt  across  the 
mains,  and  to  join  the  terminals  of  the  moving  coil  to  the  secondary  of 
a  specially  designed  current  transformer.  To  distinguish  this  trans- 
former from  one  of  the  ordinary  series  type  we  call  it  a  "  quadrature  " 
transformer. 

This  transformer  renders  the  current  in  the  moving  coil  proportional 
to  the  current  in  the  mains,  and  the  product  of  the  moving-coil  current 
into  the  air-gap  flux  Incomes  a  measure  of  the  load  whatever  the 
voltage,  current,  frequency,  or  wave-form,    (The  small  error  due  to 
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power  factor  is  discussed  later.)  It  is  the  introduction  of  the  quad- 
rature transformer  that  has  made  the  iron-cored  wattmeter  possible,  as 
it  combines  not  only  the  function  of  producing  a  secondary  current 
which  is  directly  proportional  to  the  primary  current  for  all  values  of 
the  latter,  but  also  a  current  which  is  90°  out  of  phase  with  the 
primary  current,  and  therefore  in  correct  phase  relation  to  the  magnetic 
flux  in  the  air-gap  of  the  electromagnet.  The  core  A  in  Fig.  5  is 
formed  of  two  blocks  of  iron  stampings  with  butt  joints  at  ],  ]  and  an 
MT'fftp  G,  generally  about  one-tenth  of  the  length  of  the  iron  circuit. 
P  is  the  primary  winding  and  S  the  secondary.  The  latter  consists  of 
a  few  turns  of  flne  wire,  the  ends  of  which  are  joined  through  a  high 
non-inductive  resistance  to  the  terminals  of  the  wattmeter  moving  coil. 
It  is  this  long  air-gap  in  the  quadrature  transformer  that  renders  the 
flux  proportional  to  the  primary  current  for  all  changes  in  its  value,  and 
reduces  the  error  due  to  hysteresis  in  the  iron  to  a  negligible  quantity. 
H  we  take  1,000  as  an  average  value  for  the  permeability  of  the  iron,  it 
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will  be  apparent  that  the  reluctance  of  the  gap  is  about  loo  times  that 
of  the  core,  so  that  the  reluctance  of  the  magnetic  circuit  is  essentially 
independent  of  the  effects  of  the  variable  magnetic  properties  of  the 
core.    (For  full  theory  see  Journal^  vol.  36,  pp.  462-467.) 

Fig.  6  illustrates  a  quadrature  transformer  insulated  for  high-tension 
circuits. 

For  large  currents  two  further  types  of  quadrature  transformer  are 
made,  one  in  the  shape  of  a  ring,  to  slip  over  cables,  the  other  rect- 
angular to  slip  over  busbars. 

It  must  be  remembered  that  ordinary  series  or  current  transformers 
are  quite  unsuitable  for  use  with  these  wattmeters,  as  their  secondary 
currents  are  in  phase  (or  180°  out  of  phase)  with  their  primaries,  but  it 


Fig.  7. 


is  permissible,  although  not  advisable,  where  series  transformers  are 
already  installed,  to  connect  the  primary  of  the  quadrature  transformer 
in  series  with  the  ordinary  current  transformer  secondary.  The  accuracy 
of  the  wattmeter  will,  however,  be  limited  by  the  magnitude  of  the 
phase  error  of  such  series  transformers. 

Switchboard  designers  are  prone  to  actuate  induction  ammeters, 
relays,  trip  coils,  wattmeter  series  coils,  etc.,  from  small  instrument 
current  transformers,  losing  sight  of  the  fact-  that  the  accuracy  of  the 
wattmeters  is  thereby  often  destroyed.  This  practice  should,  as  far 
as  possible,  be  avoided. 

Wattmeter  Circuit  Connections,— ¥\g,  7  shows  how  the  instrument 
should  be  connected  to  the  circuit  for  measuring  the  power  of  a 
3-phase  circuit,  balanced  load,  when  the  neutral  point  is  not  available. 
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A  spedaily  designed  choking  coil  is  used,  with  its  ends  connected 
to  two  of  the  mains,  the  wattmeter  itself  being  joined  to  the  third  main 
aad  to  the  junction  point  of  the  choking  coil.  The  total  power  of  the 
drcoit  so  connected  is  equal  to  twice  the  wattmeter  reading,  or  the 
instrument  may  be  graduated  to  indicate  total  power  direct.  (For 
theory  see  Note  2,  Appendix.) 

For  high-tension  circuits  potential  transformers  are  necessary  to 
reduce  the  potential  to  a  safe  value  for  the  instrument.  Such  trans- 
formers are  connected  with  their  secondaries  in  opposition  in  order  to 
bring  the  voltage  into  proper  phase  relation  with  the  current.  The 
cdmections  of  this  are  shown  in  Fig.  8.  One  quadrature  transformer 
only  is  used,  and  two  potential  transformers  with  op(>osed  secondaries. 
In  Fig.  9  an  equivalent  arrangement  is  shown  in  which  one  potential 
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transformer  and  two  quadrature  transformers  arc  employed,  the 
socoodaries  of  the  latter  being  parallel  connected  in  opposition  as 
regards  the  moving  coil. 

The  ease  with  which  the  wattmeter  can  be  connected  with,  or  dis- 
coonected  from,  the  main  circuit,  without  disturbing  the  latter,  renders 
it  suitable  for  a  numt)er  of  special  purposes.  For  instance,  the  output 
of  each  of  a  number  of  alternators  in  parallel  may  t>e  measured  in  sue- 
cession  by  using  on€  indicator  and  as  many  current  transformers  as 
there  are  alternators  in  parallel ;  by  the  addition  of  another  trans- 
former the  total  output  can  also  be  measured.  Such  a  method  is  indi- 
cated in  Fig.  la  A  multiple  switch  is  used  to  connect  in  turn  the 
varioos  quadrature  transformers,  QT„  QT„  0T„  and  QT4,  to  the 
indicator.  As  an  example,  suppose  there  are  three  alternators, 
having  outputs  of  300,  500,  and  1,000  k.w.  respectively,  with  line 
voltage  a^xx),  on  a  3-phase  talanced  load.     The  line  currents  will 
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be  58,  145,  and  290  amperes,  and  total  current  about  500  amperes.     If 
the  quadrature  transformers  Q  T^,  Q  T,,  Q  T3,  and  Q  T4  are  respec- 
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Fig.  id. 


lively  of  these  capacities,  and  the  corresponding  secondary  resistances 
are  properly  adjusted,  the  wattmeter  pointer  will  correctly  indicate 
the  corresponding  power  whichever  one  is  connected  by  the  switch  S. 
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II  the  scale  is  divided  into  loo  divisions  the  constants  will  be  as 
follows : — 

Q  T,  for  200-k.w.  machine ;  output  =  instrument  reading  x    2. 

yx,  .,  500-k.w.      „         „      =       „  „      X  5. 

yXj  „  i,ooo-k.w.        „  „       =         „  „       X  10. 

y  T4    „       total  output  =s  „  n  ^  20. 

It  is  quite  safe  to  put  the  secondaries  of  quadrature  transformers  on 
open  circuit,  because,  unlike  series  transformers,  the  demagnetising 
cScci  of  the  secondary  current  is  nil.  The  value  of  this  current  is 
less  than  Voth  ampere,  so  that  an  ordinary  voltmeter  switch  may 
Ik  used. 

Another  arrangement  for  measuring  the  total  output  of  a  number  of 
generators  when  it  is  not  possible  to  use  a  transformer  like  Q  T4  in 
Fig.  10  is  explained  in  Note  i  of  the  Appendix. 
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Magndosiatic  Voltmeters, — The  wattmeter  may  be  used  to  measure 
voits  by  changing  the  connections  of  the  moving  coil  from  the 
secondary  of  the  quadrature  transformer,  and  placing  them  in  series 
with  a  condenser  of  suitable  capacity  across  the  mains  (see  Fig.  11). 
The  readings  will  be  correct  on  circuits  of  any  frequency  or  wave- 
form, provided  the  ratio  of  voltage  to  frequency  is  not  made  too  great 
»o  that  the  resultant  induction  density  in  the  iron  is  made  excessive. 

The  magnetic  flux,  which  is  proportional  to  this  ratio,  should  not  be 
allowed  to  exceed  the  normal  value  by  more  than  50  per  cent  for 
a  sustained  load.  An  instrument  designed  normally  for  use  on  a  circuit 
of  100  volts,  at  a  frequency  of  50  rvj,  will  accurately  respond  to  an 
increase  of  50  per  cent,  in  the  voltage  if  the  frequency  remains  at  50  (\j, 
but  on  circuits  of  25  ro  it  is  not  allowable  to  increase  the  voltage  above 
the  normal.    The  limiting  factor  is  the  ratio  of  voltage  to  frequency. 
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This  ratio  for  the  above  instrument  is  normally  100/50,  or  2,  and  when 
increased  by  50  per  cent,  it  becomes  3.  On  circuits  of  50  r\J  the 
maximum  voltage  advisable  is  therefore  150,  while  the  lowest 
frequency  at  which  it  should  be  left  subjected  to  100  volts  is  100/3 
or  33i  oo. 

Portable  Standard  Voltmeter  and  Wattmeter, — ^The  laboratory  port- 
able standard  instrument  is  most  useful,  and  the  measurements  to 
which  it  is  adapted  are  so  many  and  varied  that  it  can  be  considered 
an  alternating-current  testing  set.  It  consists  of  a  mahogany  case  con- 
taining the  movement  already  described,  and  is  provided  with  four 
terminals  and  two  switches.  The  internal  connections  can  be  traced 
from  Fig.  12.  It  will  be  seen  that  with  switch  A  in  one  position  the 
coils  of  the  electromagnet  are  connected  in  parallel,  and  the  pointer 
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Fig.  12. 


will  deflect  to  its  maximum  position  for  the  rated  voltage ;  and  that  with 
switch  A  in  the  second  position  the  coils  are  connected  in  series,  and 
twice  that  voltage  will  be  needed  to  produce  the  same  deflection. 

Switch  B  is  for  connecting  the  moving  coil  either  in  series  with 
a  condenser  K  across  one  of  the  field  coils,  or  du-ectly  across  terminals 
T  and  T,.  It  will  be  noticed  that  the  voltage  applied  to  the  condenser 
is  the  same  for  the  same  voltage  per  turn  applied  to  the  field  coils, 
whether  these  latter  are  series-  or  parallel-connected. 

With  switch  B  in  the  position  shown  in  Fig.  12,  the  instrument  is  a 
direct-reading  voltmeter  having  two  ranges;  the  readings  are  quite 
independent  of  frequency,  wave-form,  hysteresis,  stray  magnetic  fields, 
or  electrostatic  influences.  As  the  flux  in  the  air-gap  is  proportional  to 
the  applied  voltage,  and  the  condenser  current  is  also  proportional 
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to  the  applied  voltage,  it  follows  that  the  torque  acting  on  the  moving 
oofl  must  be  proportional  to  the  square  of  the  voltage.  A  double  scale 
typical  of  the  portable  instrument  is  shown  by  Fig.  13  (see  page  239). 
A  square  law  scale  may  at  first  sight  seem  undesirable,  but  will  be  found 
Bsnally  an  advantage  in  practice,^bQcause  readings  are  seldom  required 
much  above  or  below  the  normal  circuit  voltage.  Readings  near  the 
portions  of  the  scale  are  very  little  used,  whilst  those  near  the 
rking  voltage  are  required  to  be  clear  and  open.  To  a  laboratory 
tnstniment  this  does  not  so  much  apply,  but  it  must  be  remembered 
that  the  portable  type  is  fitted  with  a  change-9ver  switch  for  altering 
the  range  of  the  voltmeter. 

A  useful  form  of  quadrature  transformer  for  portable  use  consists  of 
aa  ordinary  quadrature  transformer  with  a  sutxlivided  primary,  the 
ends  of  which  are  taken  to  separate  pairs  of  terminals.  These  terminals 
can  be  connected  in  series,  series  parallel,  or  parallel.  For  instance,  a 
transformer  with  four  separate  primary  coils,  each  wound  for  5  amperes, 
will  be  suitable  (i.)  for  5  amperes  if  connected  all  in  series,  (ii.)  for 
10  amperes  if  connected  2  in  series  and  2  in  parallel,  and  (iii.)  for 
30  amperes  if  connected  all  in  paralleL 

Tlie  full  scale  deflection  of  the  wattmeter  will  be  obtained  for  either 
of  these  combinations,  but  the  reading  must  t>e  multiplied  by  the 
correct  constant  to  convert  to  watts. 

Capacity  Measurements, — When  the  switch  B  of  Fig.  12  is  turned 
to  join  the  moving  coil  across  TT„  the  instrument  can  t>e  used  for 
a  wattmeter  or  for  a  variety  of  special  purposes,  one  of  the  most  useful 
being  the  measurement  of  capacity  of  cables  and  condensers. 

It  is  universally  admitted  that  the  present  methods  of  testing 
capacity  are  both  tedious  and  unreliable.  A  condenser  that  is  leaky 
cannot  easily  be  measured  correctly  with  a  ballistic  galvanometer. 
Tbe  test  is  always  very  slow  and  troublesome ;  errors  occur  due  to 
residaal  absorption,  and  others  sometimes  arise  from  electrolytic  and 
similar  effects. 

Condensers  are  manufactured  in  hundreds  of  thousands  for  tele- 
phone use,  and  require  to  be  quickly  tested.  Alternating-current 
ammeters  are  sometimes  used  for  the  purpose  in  preference  to  the 
slow  ballistic  galvanometer  method,  but  the  results  are  hopelessly 
influenced  by  complicated  effects  due  to  variation  of  wave-form  and 
frequency. 

The  iron-cored  voltmeter  here  described  is  essentially  free  from  all 
these  defects.  Any  leakage  current  in  the  condenser,  being  in  phase 
with  tbe  volts,  is  in  quadrature  with  the  magnetic  field,  and  hence  has 
no  tnfloence  on  the  deflection,  while  changes  of  frequency  and  wave- 
form likewise  cause  no  errors. 

The  condenser  fitted  in  the  instrument  for  using  this  as  a  voltmeter 
can  be  also  employed  as  a  standard  of  capacity,  and  a  special  scale  can 
be  made  for  the  instrument  so  that  this  is  direct  reading  in  microfarads 
for  tests  at  any  convenient  fixed  voltage.  The  readings  on  this  capacity 
scale  win  be  proportional  to  the   readings   on   the  watt  scale,  and 


SUMPNER  AND  RECORD:  NEW 


March  19tb, 


hence  proportional  to  the  square  of  the  readings  on  the  volt  scale. 
If   the   voltage  remains  constant  for  consecutive  readings,  a   direct 
cpmparison  of  capacities  can  be  quickly  made. 
If— 

K,   =  capacity  of  condenser  in  case, 

K,   =  capacity  to  be  tested, 

Wx  =  deflection  for  the  capacity  K„  ^ 

Wa  =  deflection  for  the  condenser  or  cable  test^, 


then — 


Ka     —    Kx 


Wa 


The  readings  W,  and  W,  must  be  taken  on  the  capacity,  or  watt, 
scale.    Since  for  a  given  voltage  Wx  is  fixed,  the  scale  can  easily  be 


Fig.  14. 


graduated  to  make  K,/Wx  a  simple  constant  for  the  specified  voltage. 
In  some  cases,  if  the  voltage  used  were  the  same  for  Wx  as  for  W,,  the 
capacity  to  be  measured  would  be  large  enough  to  cause  the  pointer  to 
deflect  off  the  scale.  The  deflection  W,  for  the  instrument  condenser 
K,  can  then  be  taken  at  some  voltage  V,  as  read  by  the  instrument, 
when  connected  up  as  a  voltmeter,  either  on  the  volt  scale  as  V,,  or  on 
the  watt  scale  as  w,.  The  deflection  W,  for  the  unknown  capacity  Kt 
may  be  noted  at  a  reduced  voltage  Va  (or  w,  on  the  watt  scale).  Wc 
shall  then  have — 

WaC. 

Wx- 


W    V « 

«^  —  »^'  w,  v?  ~ 


K„ 


Wx  Wa* 


in  which  the  first  factor  is  a  constant  of  the  instrument ;  the  second 
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bctor  depends  on  the  voltages  used  ;  and  W,  depends  on  the  condenser 
tested. 

In  comparing  capacities,  readings  are  best  taken  on  the  watt  scale, 
which  is  equally  divided,  whilst  the  actual  voltage,  when  needed,  can 
be  directly  read  off  the  volt  scale. 

Wliilst  speaking  of  capacity,  it  will  be  interesting  to  mention  that 
the  firm  who  manufacture  these  iron-cored  instruments  make  the  con* 
deosers  used  with  the  present  voltmeters,  and  also  thousands  of  others 
for  telephone  work.  The  above  method  is  employed,  with  the  most 
foii^skctory  results,  for  measuring  the  capacity  of  these  condensers, 
which  are  made  by  a  patented  process,  and  have  been  found  perfectly 
retiablc  for  voltmeters  of  the  present  type. 


Fig,  15. 

IKSTRlTMR^^TS  FOR   PHASE  MEASrREMRNT. 

IJU-currcnl  AmmcUr, — For  constant  voltage  circuits  the  wattmeter 
can  be  used  as  an  idle-current  ammeter.  For  single-phase  circuits 
all  ttiat  is  necessary  is  to  substitute  for  the  quadrature  transformer 
a  non-inductive  strip  resistance,  to  which  the  moving  coil  is  suitably 
shunted ;  or,  alternately,  an  ordinary  current  transformer  with  a 
iccondary  coil  of  many  turns  short-circuited  by  the  moving  coil.  For 
3-phase  circuits  it  is  only  a  matter  of  changing  the  connections  of  the 
potential  leacb  ;  this  is  shown  in  Figs.  14  and  15. 

Fig.  14  shows  the  instrument  as  normally  joined  up  to  the  mains, 
through  a  quadrature  transformer,  so  as  to  read  the  watts  of  the  circuit 
ESy  disconnecting  the  volt  coil  from  N  B  and  joining  the  leads  to  the  points 
CA,  the  applied  voltage  is  turned  through  90°  relative  to  the  current, 
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and  for  unity  power  factor  loads  the  meter  will  read  zero.  For  lower 
power  factors  the  instrument  will  indicate  VA  sin  f,  and  may  be 
calibrated  to  read  the  wattless  current  for  the  line  voltage  used. 

Iron-cored  Phasemeiers,  —  Phasemeters  are  instruments  analogous 
to  ohmmeters,  and  the  theory  of  their  working  is  similar  and  almost 
as  simple.  An  ohmmeter  contains  a  moving  system,  consisting  of  a 
magnetic  needle  N,  and  a  fixed  system  of  two  coils  traversed  by  currents 
A,  and  A,,  whose  ratio  is  represented  by  the  position  of  the  pointer ; 
this  deflection  can  thus  be  calibrated  to  indicate  ohms  or  megohms. 

The  currents  A,  A,  produce  two  Jiiagnetic  fields  OF,  and  OF, 
usually,  but  not  necessarily,  at  right  angles,  and  the  needle  takes  up 
the  position  corresponding  with  the  resultant  field,  indicated  by  the 
pointer  O  P  (see  Fig.  i6).    The  calibration  of  the  scale  depends  on  the 

structure  and  winding  of  the  coils, 

but,  for  any  given  instrumentt  is 

solely  determined  by  the  ratio  of 

the  currents  A,  and  A,.     If   the 

currents  are  alternating,  and  the 

strength  of  the  needle  N  is  also 

alternating,  the  position  taken  up 

will  depend  on  the  ratio  of  the 

two  mean  products  A,  N  and  A,  N, 

and  this  ratio  will  merely  depend 

on  the  phase  differences  between 

A„Aa,  and  N,  if  the  ratio  of  the 

R.M.S.  values  of  A.  and  A,  is  con- 

p        .  stant,  as  is  necessarily  the  case  in 

a  balanced  multi-phase  system  of 

currents.      The     phasemeter     is 

merely  an  ohmmeter,  having,  in  effect,  an  alternating  magnetic  needle  N, 

due  to  the  Hux  caused  by  an  alternating  current  traversing  a  moving 

coil,  and  having  two  alternating  magnetic  fields  OF,  OF,  in  fixed 

directions  (but  not  in  the  same  phase)  due  to  the  cyclic   currents 

through  its  fixed  coils. 

Usually  a  phasemeter  consists  of  a  fixed  and  moving  system  of  coils, 
one  system  containing  two  coils  and  the  other  only  one.  As  regards 
the  theory,  it  is  immaterial  whether  the  fixed  or  moving  system  is 
actuated  by  the  main  currents,  provided  the  other  system  is  actuated 
by  the  voltages;  and  it  does  not  matter,  in  the  case  of  either  coil 
system,  whether  this  system  consists  of  one,  two,  or  three  coils,  pro- 
vided three  or  more  coils  in  all  are  used  for  the  two  systems.  The 
instruments  here  described  have  only  one  coil  in  the  moving  system, 
but  contain  three  coils,  C,,  C,,  C3,  in  the  fixed  system,  the  latter  being 
traversed  by  currents  representing  A„  A,,  and  A3,  the  three  currents 
of  the  3-phase  mains.  But  these  currents  are  necessarily  such  that 
one  of  them,  say  A3,  can  always  be  regarded  as  the  sum  of  the  other 
two„  so  that  the  three  ooils,  C„  C,,  and  C3,  just  mentioned,  can  really  be 
regarded  as  only  two  coils,  having  a  portion  C3  in  common,  one  of 
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shunt  across  the  mains.  One  mode  of  connection  suitable  for  a  3-phase 
circuit  is  shown  in  Fig.  21. 

Various  arrangements  of  transformers,  analogous  to  those  stated  in 
connection  with  the  wattmeter,  may  be  used  with  the  phasemeter,  but 
owing  to  the  number  of  circuits  in  the  instrument,  and  to  the  fact  that 
resistances,  transformers,  or  condensers  may  each  be  used  with  them, 
the  number  of  possible  combinations  is  so  great  that  a  mere  summary 
of  them  would  take  too  long. 

Fig.  22  shows  an  arrangement  for  a  power-factor  meter  suitable  for 
connection  to  a  constant  frequency  single-phase  circuit.  It  will  be 
noticed  that  the  indicator  itself  is  identical  with  that  of  the  multi-phase 
instrument ;  the  stator  has  the  same  distribution  of  coils,  but  in  order 


B 


^ 


Fig.  21. 


to  supply  these  coils  with  currents  in  suitable  phase  relation,  a  special 
transformer  is  necessary.  This  transformer  T  (Fig.  22)  is  of  the 
ordinary  current  type,  with  a  connection  C  taken  from  the  middle 
point  of  the  secondary  winding  A,  C,  B.  C  is  joined  to  C  of  the  phase- 
meter,  and  A  and  B  are  each  joined  to  the  corresponding  terminals 
of  the  instrument,  A  through  a  non-inductive  resistance  R,  and  B 
through  an  inductive  resistance  I.  The  moving  coil  is  joined  through 
a  suitable  resistance  either  direct  to  the  mains  or  to  the  secondary  of  a 
potential  transformer  whose  primary  is  in  shunt  to  the  mains. 

Voltage-wound  Pkasemeters  and  Synchronisers. — ^A  form  of  phase- 
meter  is  being  developed,  having  its  stator  coils  wound  for  voltage 
and  its  moving  coils  for  current,  the  latter  being  supplied  either  from  a 
shunt  or  from  a  current  transformer.  Experiments  are  also  being  carried 
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oat  oo  an  instrmnent  of  the  above  type,  which  has  been  so  constructed 
that  the  moving  coil  is  free  to  revolve  continuously  in  either  direction. 
When  these  fonns  are  fully  developed  it  will  be  2l  simple  matter,  with 
the  aid  of  a  voltmeter  switch,  quickly  to  change  the  instrument  from 
one  alternator  to  another  in  a  similar  manner  to  that  used  for  the  watt- 
meter shown  in  Fig.  lo ;  also  by  connecting  the  voltage  windings  to 
the  bosbars,  and  the  moving  coil  to  the  terminals  of  an  incoming 
machine,  the  phasemeter  will  be  converted  into  a  synchroniser.  It 
will  indicate  if  the  incoming  machine  is  '*  too  fast "  or  '*  too  slow " 
by  revolving  either  clockwise  or  anti-clockwise.  When  the  pointer 
cocnes  to  rest  the  speed  will  be  right,  and,  by  further  regulation,  the 
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pointer  will  turn  and  become  stationary  in  the  normal  position,  and  this 
will  indicate  the  correct  moment  for  switching  in. 


Caubration  and  Accuracy. 

Watimdcrs  amd  Voltmeters, — A  simple  direct-current  test  is  used  to 
dctennine  the  wattmeter  scale.  (See  Joumai,  vol.  36,  p.  429.)  The 
same  method  may  l)e  used  for  the  voltmeter,  since  the  scsdc  markings 
m  the  latter  case  are  proportional  to  the  square  root  of  the  correspond- 
ing scale  markings  in  the  case  of  the  wattmeter  (see  Fig.  13,  page  229). 
The  instruments  are  afterwards  adjusted  on  an  alternate-current  circuit 
against  a  standard  instrument ;  for  a  wattmeter  by  an  adjustment  of  the 
resistance  of  the  moving-coil  circuit,  and  for  a  voltmeter  by  the  choice 
oi  a  saitat>le  condenser,  followed  by  a  final  adjustment  of  the  spring. 
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The  scales  prepared  in  this  way  have  been  found  quite  accurate  for 
alternate-current  circuits. 

The  error  of  an  instrument  in  actual  working  is  frequently  more 
due  to  extraneous  influences,  such  as  friction  or  disturbing  fields, 
than  to  incorrect  electrical  action  on  the  moving  system.  From 
such  disturbing  influences  the  present  instruments  are  well  guarded, 
owing  to  the  strong  controlling  springs  used  and  to  the  natural 
shielding  due  to  the  iron  employed  in  their  construction.  More- 
over, the  deflection  cannot  be  influenced  by  eddy  currents,  which 
may  be  induced  in  the  iron  case  or  other  metal  parts  near  the 
moving  coil. 

Numerous  experiments  already  published  in  the  Journal  (vol.  36, 
PP'  435-450)  liave  shown  that  the  present  instruments  act  correctly 
for  changes  in  voltage,  current,  or  frequency,  and  that  the  error  for 
variations  of  power  factor  obeys  the  law  applicable  to  all  watt- 
meters, the  error  as  a  fraction  of  the  true  reading  being  given  by 
9  tan  ^,  where  0  is  a  quantity  characteristic  of  the  instrument,  and 
which  may  be  conveniently  called  its  phase  error. 

In  Table  I.  below  the  wattmeter  error  for  a  phase  error  of  i  per 
cent,  of  a  radian  {9  =  o'oi)  is  expressed  in  three  ways  for  loads  of 
diflFerent  power  factors. 

iTable  I. 
Wattmeter  Error  for  a  Phase  Error  9  of  i  per  Cent. 


Power  Factor, 
Cos0. 

Per  Cent,  of  True 

Watts, 

100  0  tan  ^. 

Per  Cent,  of  Volt- 
amperes, 
100  «  sin  0. 

MUUmetres  on 
Scale. 

I.O 
09 
07 

o*5 

0 
0-48 
I  02 

173 

0 

0-43 
071 
0-87 

0 

o'55 

0*90 
IIO 

In  the  second  column  the  error  is  expressed  as  a  percentage  of  the 
true  watts.  The  third  column  shows  the  error  as  a  percentage  of 
the  volt-amperes,  or  of  the  watts  associated  with  the  same  current 
and  voltage  on  a  non-inductive  load.  The  last  column  expresses  the 
error  as  a  shift  of  the  pointer  in  miUimetres  on  the  scale,  assuming  that 
a  deflection  measuring  5  in.,  or  127  mm.,  denotes  a  power  in  watts 
numerically  equal  to  the  volt-amperes. 

For  commercial  purposes,  the  error  is  sufficiently  small  if  kept 
within  a  small  fraction  of  the  full  deflection,  and  is  always  negligible 
if  the  corresponding  shift  of  the  pointer  is  within  the  error  of  read- 
ing under  working  conditions.  In  normal  working  full  deflection  is 
only  attained  for  the  circuit  voltage  at  full-load   current,  when   the 
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power  factor  is  unity.  The  above  table  shows  that  if  the  phase 
error  is  i  per  cent.,  the  error  in  the  deflection  is  always  less  than 
I  per  cent  of  the  full  deflection,  however  low  the  power  factor,  and 
that  in  nearly  all  cases  it  is  less  than  i  mm.  measured  along  the  scale. 

The  accuracy  secured  in  the  new  instrument  can  be  precisely 
indicated  by  the  value  of  the  phase  error.  In  one  of  the  portable 
^4andard  instruments  this  value  was  only  0*0077  for  50-00  circuits,  so 
that  the  corresponding  errors  are  given  by  the  numbers  in  Table  I. 
when  multiplied  by  077.  In  one  of  the  switchboard  instruments  0 
was  foond  to  be  ox>i2  for  50-rsj  circuits,  corresponding  with  the 
figures  in  Table  I.  when  multiplied  by  1*2.  The  error  of  the  electro- 
magnet is  due  to  the  phase  error  represented  by  the  ratio  of  resistance 
to  impedance  ci  the  field  coil  (see  journal,  vol.  36,  p.  439).  This  ratio 
is  aboot  0-4  per  cent  for  5o-r\j  circuits.  Two  distinct  ways  have  been 
found  precisely  to  compensate  the  total  phase  error  of  the  instrument 
for  circuits  of  a  fixed  frequency.  These  methods  have  been  amply  tested 
and  verified^  but  they  have  not  yet  been  embodied  in  the  commercial 
instruments. 

The  voltmeter  is  naturally  less  subject  to  error  than  the  wattmeter, 
since  the  voltmeter  is  essentially  the  same  as  a  wattmeter  used  on 
circaits  of  fixed  power  factor  equal  to  unity.  The  deflection  for  a 
given  voltage  for  a  range  of  frequency  of  3  to  i  does  not  vary  as  much 
as  0*5  per  cent 

In  confirmation  of  the  above  statements  the  tests  indicated  in 
Table  II.  t>elow  are  given.  They  relate  to  a  comparison  of  one  of 
the  iron-cored  wattmeters  (I.CW.)  with  a  standard  Mather- Duddell 
instrument  (M.D.W.).  The  current  A  was  passed  through  (1)  the 
current  coil  of  the  M.D.W.,  (2)  the  quadrature  transformer  of  the 
I.CXW.,  and  (3)  a  non-inductance  load  of  lamps.  It  was  obtained  from 
a  pair  of  slip  rings  of  a  small  rotary  converter  run  from  the  direct- 
current  side,  the  voltage  V%  being  approximately  in  phase  with  A. 
Another  pair  of  slip  rings  gave  a  voltage  approximately  in  quadrature 
with  V„  These  were  joined  to  the  primary  of  an  equal  ratio  trans- 
former, the  secondary  voltage  V«  of  which  was  about  equal  to  V.  in 
magnitude  and  also  approximately  in  quadrature  with  it.  Since  the 
voltages  V.  and  V,  were  electrically  separate,  they  could  be  joined  in 
series  to  produce  a  voltage  V  differing  in  phase  from  A  by  about  45^ 
By  means  of  a  reversing  switch  V  could  be  made  either  the  vector  sum 
or  the  vector  difference  of  V,  and  V^  In  the  former  case  the  voltage  V 
was  leading  and  in  the  latter  case  was  lagging  in  reference  to  A. 
The  pressure  coils  of  the  two  wattmeters  were  put  across  mains  at 
voltage  V.  The  wattmeters  were  read  carefully,  and  observations  were 
taten  alternately  for  leading  and  lagging  voltages.  The  watts  were 
obtained  from  the  readings  of  the  M.D.W.  which  had  been  previously 
standardised  on  a  non-inductive  load,  using  the  same  ammeter  and 
voltmeter  as  were  afterwards  employed  for  the  tests  in  Table  II.,  the 
power  factor  cosf  being  obtained  from  the  readings  of  the  same 
instruments.    The  frequency  of  the  circuit  was  51  r>o» 
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Table  II. 


Voltage. 

V. 

A. 

M.D.W. 

I.C.W. 

Watts. 

Cos0. 

Tan^. 

120 

119 

122 
121 

19-8 

i8-8 
194 
187 

66-6 
652 
66-3 
65-2 

65-4 
650 
65-0 
65-2 

1.550 
1,515 
I>540 
1.515 

0652 
0-676 
0650 
0670 

— 

— 

— 

66-45 
65-20 

652 
65-1 

■ 

0*651 
0-673 

+  1-167 

-ro99 

The  numbers  given  in  the  last  two  lines  are  the  means  of  the  tests 
for  leading  and  lagging  voltages.  From  these  it  appears  that  the 
readings  of  the  M.D.W.  corresponding  with  a  reading  of  65-2  of  the 
I.C.W.  in  the  two  cases  are  66*45  and  65*30. 

Hence  if  the  phase  error  is  9  we  have — 

66'45  _  I  +  1-167  ^ 
65-30        I  —  1-099  9 

and  the  value  of  9  works  out  to  be  0*77  per  cent.  Such  value  compares 
well  with  that  calculated  from  the  data  of  the  wattmeter.  The  ratio  of 
the  resistance  of  the  electromagnet  winding  to  its  impedance  was 
measured  as  0*385  per  cent,  at  50  rv)  or  0-378  per  cent,  at  51  (\),  The 
self-induction  of  the  secondary  of  the  quadrature  transformer  was 
0-882  millihenry  and  the  resistance  of  the  moving  coil  circuit  82-8  ohms, 
so  that  the  ratio  of  reactance  to  resistance  at  51  cnj  works  out  to  be 
0-34  per  cent.  The  sum  of  0-378  and  0*34  is  0*72,  comparing  well  with 
0-77,  the  number  measured.  The  quadrature  transformer  used  was 
ironless,  so  that  no  allowance  has  to  be  made  for  any  phase  error  due 
to  hysteresis. 

Phasemeiers. — The  theory  and  modes  of  calibration  of  phasemeters 
have  been  already  discussed  by  one  of  the  present  writers  {Phil,  Mag,, 
vol.  II,  p.  81, 1906,  and  Electriciany  vol.  56,  p.  760, 1906),  and  it  has  been 
shown  that  the  phasemeters  in  general  are  much  more  accurate  instru- 
ments on  balanced  loads  than  they  are  usually  credited  with  being  ;  in 
fact,  phasemeters  for  multiphase  circuits,  if  properly  calibrated,  are  all 
alike  in  normal  action,  and  differ  only  in  Uability  to  disturbances.  Vari- 
ous makes  differ,  not  in  electrical,  but  in  mechanical  properties.  The 
actual  errors  arising  in  working  are  due  to  causes  quite  apart  from 
the  electrical  action  of  the  instrument,  being  due  to  friction  when  the 
deflecting  forces  are  weak,  or  to  the  influence  of  stray  fields,  or  to  the 
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of  balance  of  the  circuit  currents.  In  the  instruments  here 
described  the  moving  coil  is  perfectly  shielded  by  the  iron,  and  if  this 
coil  is  out  of  proper  position  the  rectif)ring  forces  brought  into  action 
are  stroog,  so  that  errors  due  to  the  first  two  causes  do  not  arise.  All 
phascmeters  are  equally  subject  to  error  when  used  on  unbalanced 
loads.  A  similar  error  arises  in  measuring  the  power  of  a  3-phase 
cxrcuit  by  the  single  wattmeter  method.  The  error  which  arises  from 
such  want  of  balance  is  determined  simply  by  the  ratios  of  the  three 
curreats  in  the  mains,  and  is  not  dependent  on  the  instrument 
employed.     It  is  the    same  for  all  wattmeters  and  for  all   phase- 


meters,  however  good  or  however  bad  they  may  individually  be.  It  is 
not  serious  except  for  low  power  factors  and  for  badly  balanced  loads. 
In  the  design  of  the  phasemcters  here  described  a  great  deal  of 
attention  has  been  devoted  to  the  production  of  suitable  scales. 
Special  difficulties  arise  in  these  instruments  owing  to  the  irregularities 
in  the  magnetic  field  due  to  the  slots  in  the  stampings  bounding  the 
^"^P*  Tlai  these  difficulties  have  been  successfully  overcome  is 
shown  in  the  curves  of  Fig.  33,  connecting  the  deflection  of  the 
instrument  (in  degrees)  with  the  corresponding  value  of  the  power 
factor.  Three  curves  are  shown  for  the  same  instrument  for  different 
modes  of  connection  with  the  mains.  In  order  clearly  to  separate  the 
curves  these  have  been  arbitrarily  shifted  along  the  scale  of  degrees. 
The  shift  of  lero  corresponding  with  curves  i  and  2  is  not  known, 
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because  the  scale  of  degrees  was  changed  between  the  two  calibrations ; 
but  as  regards  curves  2  and  3,  a  reading  of  140°  for  curve  3  denotes 
the  same  position  of  the  pointer  and  moving  coil  as  one  of  120P 
for  curve  2.  The  first  two  curves  were  obtained  by  the  direct- 
current  method,  and  the  third  by  alternate-current  tests.  The  field 
coils  were  the  same,  and  were  star  connected  in  all  three  cases,  but  the 
.  most  important  of  the  three  coils  was  joined  up  in  one  direction  for 
curve  I,  and  in  the  opposite  direction  for  curves  2  and  3.  The  calibra- 
tion for  curves  i  and  2  was  determined  from  measurements  on  the 
currents  actually  flowing  through  the  instrument  coils.  Curve  3 
represents  the  action  of  the  instrument  when  the  coil  currents  were 
produced  from  the  secondary  circuits  of  two  very  small  experimental 
transformers,  the  primaries  of  which  were  traversed  by  two  currents 
representing  those  in  the  mains.  The  three  scales  of  power  factor  P  F,, 
P  Fa,  and  P  F3  are  shown  at  the  bottom  of  the  figure,  and  it  will  be 
seen  that  the  scale  markings  corresponding  with  curves  2  and  3  are 
regularly  spaced.  Numerous  tests  made  at  different  times  have  proved 
that  the  alternate-current  and  direct-current  modes  of  calibrating  these 
instruments  )rield  the  same  result.  The  tests  shown  by  JFig.  23  are  not 
given  as  any  confirmation  of  this.  The  curves  apply  to  the  same 
instrument  when  connected  to  the  mains  in  different  ways.  The 
tests  for  curve  3  consisted  of  two  sets  of  observations  taken  at 
frequencies  of  80  and  50  ^\j  per  second.  These  two  set?  of  tests  are 
distinguished  by  using  different  signs  on  curve  3,  and  incidentally 
show  that  the  action  of  the  phasemeter  is  independent  of  frequency. 
If  reference  be  made  to  the  paper  on  the  "  Theory  of  Phasemeters  " 
{Phil.  Mag.,  January,  1906),  it  will  be  seen  (from  equations  3, 4,  and  5  on 
pp.  84,  85),  that  if  A,  and  A,  are  two  of  the  currents  through  the  wind- 
ings of  one  system  of  coils  of  the  phasemeter,  and  if  V  be  the  current 
through  the  coil  of  the  other  system,  the  forces  on  the  moving  system 
will  be  balanced  for  a  defiection  x  when — 

Mean  product  of  V  A,  VA^ 

Mean  product  of  V  A,  ""  v  A,  ""  ^' 

where  p  is  a  quantity  which  for  any  particular  instrument  depends 
solely  upon  the  deflection  x  of  the  moving  coil.  Thus  the  deflection 
of  the  pointer  depends  simply  upon  the  ratio  of  the  two  watt  products 
V  Ax  and  V  A,.  The  phasemeter  indicates  power  factor  indirectly, 
but  always  measures  by  a  single  deflection  the  ratio  of  two  watt  pro- 
ducts such  as  those  frequently  observed  for  the  measurement  of  power 
factor  from  the  readings  of  two  wattmeters,  or  from  successive  read- 
ings of  one  such  instrument.  If  there  is  any  error  in  estimating  the 
power  factor  from  such  a  ratio,  such  an  error  will  be  common  to  all 
these  methods,  which  are  essentially  the  same  except  in  the  matter  of 
relative  convenience.  Phasemeters,  Uke  ohmmeters,  are  instruments 
which  really  measure  a  ratio. 

So  far  as  theory  and  calibration  are  concerned,  it  does  not  matter 
whether  the  main  currents  are  those  actually  used  in  the  instrument 
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coils»  or  whether  the  latter  arc  produced  by  the  former  through  the 
operatioa  of  suitable  transformers.  If  the  transformers  act  correctly 
there  will  always  be  a  particular  deflection  for  each  value  of  the  ratio 
A,  V  to  A,  V  ;  so  that  if  the  instrument  circuits  are  connected  up  in  the 
special  way  in  which  they  are  to  be  used  in  practice,  the  currents  A„ 
A,  and  the  voltage  V  used  for  calibration  purposes  may  be  produced 
in  any  convenient  manner  for  determining  the  scale.  The  most  con- 
venient method  in  practice  is  to  take  the  currents  A,  and  A,  from  two 
tndependent  secondaries  of  a  transformer  whose  primary  is  subjected 
to  the  voltage  V.  It  is  easy  to  arrange  for  A„  A,,  and  V  to  be  in 
essentially  the  same  phase,  and  the  ratio  p  is  then  simply  that  of  the 
cnrrents  A,  and  A,  as  read 
by  two  ammeters.  It  only 
then  remains  to  mark  the 
deflectioa  with  the  nu- 
merical value  of  the  power 
factor  corresponding  with 
the  ratio  p  observed.  This 
value  will  be  cos  f ,  where  f 
is  such  an  angle  of  lag  in 
actual  working  that  the  line 
currents  A,  and  A,  and  the 
nxyving-coil  ciirrent  due  to 
the  line  voltage  will  corre- 
spond with  the  same  value 
oiF  ^  as  that  observed  in  the 
calibration  tests. 

The  real  calibration  of 
the  instrument  consists  in 
determining  by  any  con- 
venient method  the  ratio  p  corresponding  with  each  deflection  x. 
The  scale  marking  then  depends  on  the  interpretation  to  be  given 
to  p,  and  this  interpretation  will  vary  with  the  instrument  connec- 
tions, to  the  multiphase  circuit,  governing  the  magnitude  and  phase 
relations  of  the  currents  A„  A,,  and  the  moving-coil  current  V  in 
actnal  working. 

As  an  example,  if  A,  and  A,  are  the  currents  in  two  of  the  mains  of 
a  3-phase  system,  and  if  V  is  the  voltage  across  these  two  mains 
applied  through  a  high  resistance  to  the  moving  coil  of  the  phasemeter, 
then  for  tnlanced  loads  of  power  factor  cos  f  it  will  be  seen  from  Fig.  24 
that  the  ratio  of  A,  V  to  A,  V  will  be  numerically  that  of  cos  (30  —  f) 
to  cot  (30  -f-  f)  but  opposite  in  sign. 

We  shall  thus  have — 


Fig.  24. 


_Cos(3o-f,)^ 

cos(3o^-'^)    ''" 


where  ^  is  the  value  of  the  ratio  observed  in  the  calibration  test  for 
the  deflection  x  which  is  to  be  marked  cos  f ,. 
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Again,  if  the  above  case  be  varied  by  applying  the  voltage  V  to  the 
moving  coil  through  a  condenser  instead  of  through  a  non-inductive 
resistance,  the  moving-coil  current  will  be  in  quadrature  with  the 
voltage  V,  and  a  little  consideration  will  show  that  we  then  have — 

Cos  (60 -h  ^a)  __ 
■*"Cos(6o-^,)""^'' 

and  the  deflection  x  to  be  marked  cos  f^  is  that  corresponding  with  p, 
as  given  by  this  formula. 

From  each  such  formula  it  is  easy  to  plot  a  curve  connecting  cos  f 
with  p,  and  this  curve  can  be  conveniently  used  in  the  calibration  tests. 
In  most  of  the  cases  likely  to  arise  it  will  be  found  that  one  or  other  of 
the  above  two  formulae  (with  proper  sign  for  p)  is  applicable  to  the 
calibration  tests.  Inverting  the  value  of  p  merely  amounts  to  changing 
the  sign  of  ^,  so  that  it  is  convenient  always  to  make  p  less  than  unity 
by  dividing  the  smaller  by  the  greater  of  the  two  quantities,  the  ratio 
of  which  is  p.  It  is  always  necessary  to  know  when  p  is  to  be  taken 
positive  and  when  negative,  and  this  can  only  be  predicted  from  a 
careful  con3ideration  of  the  vector  diagram  in  each  case ;  but  in 
actual  calibration  no  difficulty  arises,  for  unless  the  proper  sign  be 
attributed  to  p  the  values  of  cos  0  read  off  from  the  curve  are  evidently 
wrong. 

The  numbers  given  in  Table  III.  below  enable  the  curves  con- 
necting p  with  cos  0  to  be  readily  plotted  for  each  of  the  above  two 
formulae.  The  curve  for  p,  is  well  known  and  is  often  used  for  the 
determination  of  power  factor  by  the  two-wattmeter  method. 


Table  III. 


± 

Value  of  Cos  0,. 

Value  of  Cos  0,. 

Forp,  ± 

Forp,  ? 

Forp,± 

For  p.  ? 

00 

0500                    0*500 

0*866 

0*866 

o*i 

0-577                     0-431 

0*904 

0*817 

0*2 

0*654                    0*358 

0933 

%^. 

03 

0*731 

0297 

0-954 

o*4 

0*802 

0*241 
0*189 

0*971 

0*596 

0*5 

0-866 

0*982 

0500 

0*6 

0918 

0*143 

0*989 

0-404 

u 

0*951 
0-982 

O'lOI 

0*064 

0*994 
0*998 

0*292 

o*i88 

o'9 

0*996 

0*030 

0*999 

o-o88 

10 

I'OOO 

0*000 

1*000 

O'OOO 
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APPENDIX. 
Note  i. — Summation  Wattmeter. 

A  wattmeter  to  measure  the  total  output  of  a  set  of  generators  would 
often  prove  useful  in  cases  where,  owing  to  the  sectionising  of  busbars 
and  feeder  circuits,  it  is  not  possible  or  convenient  to  place  a  trans- 
former so  that  its  primary  is  traversed  by  the  total  current.  The  new 
instruments  here  described  can  be  conveniently  used  under  such  con- 
ditions. One  indicator  is  required,  and  the  same  number  of  quadrature 
current  transformers  as  there  are  circuits  in  parallel.  The  wattmeter 
connections  are  shown  in  Fig.  25. 

G„  G^  G]  are  the  generators  eacli  connected  to  the  busbars  through 
a  doable  pole-switch  and  the  primary  of  a  quadratiu-e  transformer  T. 
In  each  case  the  current  through  the  pnmary  coil  generates  an  electro- 


FiG.  25. 


motive  force  e  in  the  secondary  coil,  this  coil  being  connected  through 
a  resistance  R  to  two  leads  running  to  the  moving  coil  of  the  wattmeter 
W.  This  moving  coil  will  have  a  resistance  which  is  low  in  comparison 
with  the  resistances  R„  R«,  R,.  These  latter  must  all  be  adjusted  so 
that  the  wattmeter  reads  correctly  in  each  of  the  cases  for  which  there 
is  only  one  generator  in  action.  The  adjustments  for  R.,  R»  R,  will  be 
almost  independent  of  each  other  under  the  conditions  assumed.  If 
the  resistances  are  properly  adjusted  the  wattmeter  will  read  correctly 
whatever  the  number  of  generators  working  in  parallel.  This  follows 
from  the  fact  that  the  current  C  through  the  moving  coil  is  at  any 
instant  given  by  the  equation — 

c=c  +  c  +  c„ 

where  the  currents  forming  the  parts  of  C  arc  such  that— 
C  is  calculated  assuming  e«  ^  e,  =s  o. 

\^  „  f,  Cj  ^  Ct ' 


C,: 


10. 
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The  deflection  of  the  wattmeter  depends  upon  the  mean  value  of 
the  product  of  the  field  strength  F  and  the  moving-coil  current  C, 
but— 

FC  =  FC,+  FC,  +  FC3, 

and  if  the  values  of  R„  Ra,  and  R3  have  been  so  adjusted  that  the  watt- 
meter reads  correctly  for  each  generator  acting  alone,  it  will  also  read 
accurately  when  two  or  more  are  acting  together. 

To  test  the  above  a  standard  wattmeter,  with  constant  20  watts  p>er 
division,  was  used  to  measure  the  true  power  supplied  to  two  loads  in 
parallel.  The  currents  A,  and  A,  of  the  loads,  and  the  voltage  V  of 
the  mains  were  read  by  hot-wire  instruments,  these  being  only  approxi- 
mately accurate,  but  sufficiently  so  to  indicate  the  conditions  of  test. 
The  summation  wattmeter  under  test  was  connected  up  in  a  manner 
similar  to  that  shown  in  Fig.  25,  so  that  it3  moving  coil  formed  the 
common  portion  of  the  secondary  circuits  of  two  quadrature  trans- 
formers, the  primaries  of  which  were  traversed  by  the  currents  A,  and 
Aa.  The  pressure  coils  of  the  two  wattmeters  were  joined  across  the 
mains  at  the  same  points,  and  the  current  coil  of  the  standard  instru- 
ment was  traversed  by  the  sum  of  the  two  branch  currents  A,  and  A,. 
The  load  A,  was  in  all  cases  non-inductive  and  consisted  of  banks  of 
lamps.  This  was  also  the  case  for  the  load  Ai  except  for  the  last  two 
tests,  in  which  choking  coils  were  used  to  make  the  load  inductive.  A 
carbon  resistance  placed  in  the  main  circuit  served  as  a  fine  adjustment 
to  bring  the  reading  of  the  standard  wattmeter  to  95  divisions  in  all 
cases.  The  corresponding  readings  of  the  summation  wattmeter  for 
different  magnitudes  of  V,  A„  and  A,  are  given  in  Table  IV. 

Table  IV. 


Test. 

v. 

A|. 

Aa.     . 

Rcadinga  of  Wattmeter. 

Standard  W. 

Summation  W. 

I         ' 

2 

3 

4 
5 

910 
91*0 
910 
93*5 
94*5 

0 

20'6. 

90 

138 

99 

20-8 

0 
117 
107 
17-9 

95 
95 

95 
95 
95 

947 
951 
94-8 

950 
94-8 

The  two  first  tests  merely  serve  to  show  the  correctness  of  the 
adjustment  of  the  resistances  of  the  secondary  circuits  of  the  trans- 
formers (43  ohms  for  one  and  103  ohms  for  the  other,  exclusive  of  the 
resistance  of  the  moving  coil  and  fuse  amounting  to  16  ohms).  The 
last  three  tests  show  that  the  summation  wattmeter  acts  correctly  as 
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closely  as  it  was  possible  to  read  the  instruments  (95  divisions  on  the 
standard  instnunent  measured  only  about  5  in.  on  the  scale).  The 
frequency  of  the  current  was  about  50,  and  the  power  factor  of  the  load 
A,  in  test  No.  5  was  only  about  0*2. 

Note  2. — Neutral- poixt  Reactance  Coil  for  Shunt-magnet 
Wattmeters. 

A  small  transformer  core  with  closed  magnetic  circuit  is  twin  wound 
with  two  equal  windings  of  n  turns  each  of  resistance  r.  These  two 
windings  arc  put  in  scries,  and  the  ends  are  joined  to  mains  i  and  2  at 
potentials  V,  and  V,.  The  potential  of  the  junction  of  the  two  coils 
is  P,  and,  on  ordinary  transformer  principles,  this  potential  P  is  half- 
way between  V,  and  V.  at  every  instant.  The  field-magnet  coil  of  the 
wattmeter  is  joined  to  the  junction  P,  and  to  the  third  main  at 
potential  V^    The  quadrature  transformer  QT  of  the  wattmeter  W 


Fig.  26. 


is  placed  in  the  third  main  as  shown  in  Fig.  26.  All  the  potentials  are 
reckoned  from  that  of  the  neutral  point  N  as  a  zero. 

The  vector  diagram  is  shown  in  Fig  27. 

If  the  currents  flowing  to  the  point  at  potential  P  l>e  C„  C»  and  C, ; 
if  p  be  the  resistance,  m  the  number  of  turns,  and  M  the  magnetic 
flux  through  the  core,  of  the  electromagnet  coil ;  and  if  F  be  the  flux 
through  the  core  of  the  auxiliary  transformer,  we  have — 

V.4-V.+ V,  =  o 
C.-f  C,-f  C,=o 
v.  — P=srC,H-fiF 
V,-P  =  rC.  — »iF 
V3  — P  =  pC,+  mM. 


Hence — 


2  V,  -  (V,  +  V,)  =  2  p  C3  -  r  (C.  +  C)  -f  2  m  M. 
or        3Vj  =  (2p-f  r)C3-f  2mM, 


or 
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or  the  flux  in  the  instrument  magnet  will  be  exactly  one  and  a  half 
times  that  which  would  be  produced  by  applying  to  the  magnet  coil 
the  voltage  V3  between  the  third  main  and  the  neutral  point,  provided 
the  resistance  of  the  field  coil  be  considered  increased  by  the  parallel 
resistance  of  the  two  coils  of  the  auxiliary  transformer.  The  reading 
of  the  wattmeter,  as  standardised  on  a  single-phase  circuit,  must  be 
doubled  to  denote  the  power  of  the  mains.  It  is  found  easy  to  construct 
a  suitable  small  auxiliary  transformer  such 
that  the  parallel  resistance  of  its  windings  is 
a  small  fraction  of  the  resistance  of  the  field- 
magnet  coil. 

It  is  also  possible  to  construct  a  true  neu- 
tral-point reactance  coil  by  assembling  mag- 
netic stampings  suitable  for  a  small  3-phase 
transformer,  so  as  to  form  three  similar  cores 
magnetically  connected  in  parallel  as  indi- 
cated in  Fig.  28.  Around  each  core  is  wound 
a  coil  of  n  turns  having  a  resistance  r.  Three 
corresponding  ends  of  these  coils  are  star 
connected  at  P,  the  other  ends  being  con- 
nected to  the  three  mains  at  potentials 
Vx,  V„  V3.  If  Cx,  C  and  C3  are  the  «m1 
currents  flowing  to  the  point  P  ;  if  F,,  F,,  F3 
if  the  potential  of  P  be  denoted  by  P  we 


r^ 

\ 

i 

M 

r 

= 

' 

> 
) 

• 
> 

-> 

p 

Fig.  28. 


are  the  core  fluxes,  and 
have — 


V,-P  =  rC,+  nFx 
Va-P  =  rCa  +  nF, 
V3-P  =  rC3  +  nF3. 


Also,  if  the  field  coil  of  the  wattmeter  be  connected  between   the 
third  main  and  the  point  P,  we  have  as  before — 

V3— P  =  pC-f  mM, 

where  C  is  the  current  in  the  field  coil. 
The  conditions  of  continuity  are — 


and  we  also  have — 


C-f  Cx-f  C-f  €3  =  0 
Fx-f  F.  +  F3  =  o, 

v,  +  v,  +  V3  =  o. 


By  adding  the  first   three  equations  and   using  the   last   three  we 
obtain — 


whence- 


-  3  P  =  r  (Cx-f  C,-f  C3)  or  P  =  -  r  C, 


'H'-l') 


C-f  mM, 
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thus  the  flux  M  td  the  dectrontagnet  b  exactly  wfaat  would  result 
from  applying  to  the  field  coil  the  voltage  ▼,  between  the  third  main 
aad  the  true  neutral  point,  provided  the  resistance  p  o€  this  coil 
be  increased  by  the  parallel  resistance  o€  the  three  winding  of  the 
choking  cod. 

By  the  employnient  of  snch  a  reactance  coil  it  b  possible  to  nse  a 
sin^e  wattmeter  to  meassre  in  soccession  the  power  corresponding 
with  each  phase  of  a  3-pbase  circuiL  A  qaadratnre  tramfonDcr 
is  needed  for  each  of  the  three  mains,  and  a  light  2-pole  J-way  switch 
<ifnitar  to  that  shown  in  Fig.  la  However  badly  hatanrrd  the  main 
currents  may  be,  the  tme  power  of  each  phase  can  be  measored, 
and  the  wattmeter  may  be  normally  left  connected  with  that  phase 
which  best  represents  the  total  power  sopplied  to  the  load. 

Disccssiox  IX  London. 

Mr.  S.  Etkkshed  :  It  is  my  privilege  to  be  the  first  to  congratulate  ^• 
the  authors  on  the  progress  they  have  made  in  developing  the  shmit- 
ma^bct  instrmnent  They  have  been  at  work  on  this  series  of  instru- 
ments for  nearly  four  jrears ;  I  have  watched  their  progress  with  the 
greatest  interest,  and  I  heartily  congratulate  them  on  the  results  they 
have  achieved  by  their  novel  mode  of  employing  iron  in  measuring 
instniments.  One  of  the  great  drawbacks  with  iron  is,  of  coarse, 
hysteresis.  With  an  altemating^nrrcnt  instroment  that  disappears, 
but  all  sorts  of  other  difficulties  arise,  and  have  remained  until  now 
practically  unsolved.  I  am  old  enough  to  remember  the  time  when 
one  was  trying  to  develop  an  ammeter  working  by  means  of  a  coil 
acting  upon  a  piece  of  soft  iron,  in  the  days  when  it  was  hardly 
pouible  to  find  an  ampere  to  measure.  I  certainly  had  a  great  deal  of 
faith,  for  I  believed  it  might  be  possible  to  discover  an  iron  which 
had  no  hysteresis.  I  actually  found  one  text-book  which  told  me 
that  a  certain  variety  of  magnetite  which  existed  in  some  remote 
part  of  Italy  had  no  hjrsteresis,  or  as  they  called  it  in  those  dajrs,  no 
retentivity.  With  some  difficulty  I  obtained  a  small  piece  of  thb 
mineral,  and  only  after  paying  a  large  sum  for  it  did  I  discover  that 
it  had  about  as  much  coercive  force  and  hysteresis  as  very  bad  cast 
irocu  Since  then  I  have  had  very  little  faith  in  text-books.  I  then 
set  to  work  on  the  basis  that  the  reason  for  hysteresis  was  the 
motccnlar  friction  in  the  iron.  I  believe  I  also  had  some  authority 
for  that  from  the  text-books.  I  thought  if  I  could  dissolve  some  iron 
in  a  fluid  it  wouldi  have  no  hysteresis.  After  a  great  deal  of  trouble, 
by  means  of  an  electrolytic  method  1  dissolved  some  iron  in  mercury. 
I  found  the  fluid  amalgam  was  as  much  affected  by  hysteresis  as  any 
ordinary  piece  of  soft  iron — rather  more  so  if  anything — and  it  also 
had  the  disconcerting  habit  of  spontaneous  combustion,  which  left  me 
with  a  little  black  oxide  of  iron  and  a  quantity  of  pure  mercury.  Since 
those  old  days  Professor  Ewing  has  made  his  exhaustive  research  on 
the  subject,  and  we  know  now  that  wherever  there  are  particles  of 
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Evcrahcd  ^^^^  there  must  be  hysteresis,  because  it  is  due  to  the  proximity  of 
magnetised  particles  to  each  other,  and  not  due  to  any  friction  in 
the  iron  itself. 

I  must  confess  that  in  reading  the  paper  I  felt  a  good  deal  of  diffi- 
culty in  understanding  some  of  the  demonstrations  and  explanations. 
One  feels  that  perhaps  too  many  subjects  are  touched  upon,  so  that  no 
one  subject  is  dealt  with  exhaustively.    The  authors  hardly  seem  to  me 
to  have  quite  come  to  grips  with  the  subject  of  the  wattmeter  itself,  and 
one  rather  wishes  they  had  devoted  the  whole  of  the  paper  to  the 
wattmeter  and  left  the  other  instruments  for  some  other  occasion.     I 
notice  that  they  pass  over  one  point  very  lightly.    I  should  very  much 
like  to  hear  them  explain  how  a  certain  difficulty  has  been  got  over, 
and  that  is  the  effect  of  current  induced  in  the  moving  coil  circuit  by 
the  induction  of  the  shunt  magnet.    I  think  they  refer  to  that  current 
as  the  "  induced  current."    Of  course  all  the  currents  in  the  moving- 
coil  circuit  are  induced,  but  let  us  for  the  moment  call  the  current 
induced  in  the  moving-coil  circuit  by  the  shunt  magnet  the  "  induced 
current."    That  current  should  be  in  quadrature  with  the  induction, 
and  therefore  have  no  torque  on  the  moving  coil.    But  the  induced 
current  has  a  very  considerable  strength.    I  estimate,  very  roughly,  that 
it  is  something  of  the  order  i8  milliamperes.    Now  i8  milliamperes, 
when  the  working  current  in  the  moving-coil  circuit  is  only  about 
4  milliamperes,  seems  at  first  sight  rather  alarming,  and  so  it  is  until  we 
remember  that  it  is  out  of  phase  with  the  induction  and  should  not  do 
anything  towards  altering  the  deflection.    But  the  self-induction  of 
the  moving-coil  circuit  is  by  no  means  negligible,  and  hence  that 
i8  milliamperes  must  have  a  component  in  phase  with  the  induction 
of  the  shunt  magnet,  which  may  cause  a  considerable  error  if  the  same 
wattmeter  was  used  for  measuring  power  at  very  di£Ferent  voltages. 
Possibly  the  authors   do   not   intend    their   instrument  to  be  used 
over  a  wide  range  of  pressures,  but  one  would  very  much  like  to 
know  how  the  difficulty  has  been  met,  because  in  designing  ordinary 
wattmeters  of  the  dynamometer  type  the  E.M.F.  induced  by  the 
mutual  induction  between  the  two  coils  is  a  great  nuisance,  and  it 
is  one  of  the  reasons  why  dynamometer  wattmeters  in  which   the 
moving  coil  is  kept  in  the  position  where  the  mutual  induction  is 
zero  (that  is  to  say,  torsion  head  wattmeters)  really  have  an  advan- 
tage over  deflection  wattmeters.    There  is  a  point  referred  to  by  the 
authors  on  page  237  which  wants  well  rubbing  in  amongst  the  buyers  of 
measuring  instruments.    The  authors  tell  us  there  how  the  volt  scale 
on  the  combined  instrument  is  obtained  from  the  watt  scale  by  taking 
the  square  root.    That  is  one  of  the  things  that  buyers  of  instruments, 
including  well-known  engineers,  never  seem  quite  to  realise.    Generally 
speaking,  any  alternate-current   instrument  whatever    must    have  a 
parabolic  law.    It  docs  not  matter  whether  it  is  an  ammeter  or  a 
voltmeter,  it  is  practically  bound  to  have  a  parabolic  law,  and  it 
must  have  the  same  kind  of  scale  as  the  authors  show  on   their 
voltmeter.    That  ought  to  be  well  understood  by  this  time. 
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1  should  like  to  refer  to  another  instrument  described  in  the  paper,  SL-im-l 
naunciy  the  phasenieter.  It  never  seems  to  me  that  phasemeters  are 
described  in  sufficient ly  simple  language  to  enable  people  to  get  hold 
<rf  the  real  principle  involved,  and  in  that  respect  I  am  afraid  the  paper 
doc^  not  really  carry  us  much  further.  I  do  not  know  whether  I  am 
■noMtally  dense  in  such  matters,  but  I  feel  there  is  still  room  for 
another  mode  of  explaining  the  action  of  a  phasemeter.  I  will  show 
bow  I  regard  the  matter,  and  possibly  that  may  assist  some  minds  to 
gn5p  the  principle. 

The  diagram  shows  a  phasemeter  connected  to  the  mains  M  M 
of  a  singte-phase  circuit  carrying  a  current  C  at  pressure  V.  The 
pKiMmieter  has  two  field   coils  A  and   B,  fixed  at   right  angles  to 
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Fifi.  A- — Diagram  showing  the  elements  of  a  Phasemeter,  or  Power-factor 
Indicator,  for  Single-phase  Circuits. 


each  other,  and  a  pressure  coil  P  which  is  free  to  rotate  and  take  up 
any  anguUr  position  in  the  field  of  the  fixed  coils.  The  pressure  coil 
t^  in  scries  with  a  non-inductive  resistance,  and  is  connected  across  the 
majns.  The  pressure  current  traversing  P  is  therefore  as  nearly  as 
pr^sNiblc  in  phase  with  the  volts.  Connection  is  made  with  P  cither  by 
means  of  slip  rings  as  indicated  in  the  diagram  or  by  means  of  flexible 
•^ptrals  of  negligible  torsion. 

The  coil  A  has  a  low- resistance  winding  connected  to  the  secondary 
<»f  a  series  transformer  T.o.  The  secondary  being  short-circuited  by 
the  coil,  the  current  in  A  is  practically  proportional  to  and  in  phase 
i»Tth  C. 

The  coil  B  is  connected  through  a  non-inductive  high-resistance  R 
to  the  secondary  of  a  quadrature  transformer  T  90,  so  that  the  current 
m  H  is  practically  proportional  to  and  in  quadrature  with  C. 

To  understand  the  action  of  this  typical  phasemeter  we  need  not 
tmuMc  about  cosf,  nor  need  we  make  any  vector  diagrams.     It  is 

Vou  4L  17 


358  SUMPNER  AND   RECORD :  NEW  [March  19lh. 

Mr.  only  necessary  to  realise  that  any  alternating  current  may  be  thought 

Evertbed.  ^^  ^^^  reasoned  about  as  though  it  were  made  up  of  two  components, 
one — the  working  component — exactly  in  phase  with  the  volts,  the  other 
— the  idU  component — exactly  in  quadrature  with  the  volts.  Hence  the 
current  in  A  may  be  thought  of  as  composed  of  a  working  component 
a  and  an  idle  component  x ;  while  the  current  in  B  is  made  up  of  a 
working  component  b  and  an  idle  component^.  Now  the  current  in 
the  pressure  coil  P  is  in  phase  with  the  volts  ;  it  is  therefore  in  phase 
with  a  and  in  quadrature  with  x.  That  is  to  say,  component  a  will 
produce  a  torque  on  P,  while  x  being  in  quadrature  with  the  current  in 
P,  cannot  produce  any  torque.  Similarly  in  the  case  of  the  components 
b  and  y  ;  but  remembering  that  each  of  these  has  been  turned  through 
90*  by  the  quadrature  transformer  T  90,  we  see  that  b  is  in  quadrature 
with  the  pressure  coil  current  and  cannot  produce  any  torque,  and  y  is 
in  phase  with  the  pressure  current  and  will  produce  a  torque  on  P. 
We  may  now  dismiss  the  components  x  and  b  from  our  minds,  since 
they  cannot  exert  any  torque  on  P,  and  concentrate  our  attention  on 
the  only  acting  currents,  namely,  the  working  component  a  in  coil  A, 
and  the  idle  component  y  in  coil  B. 

Consider  what  happens  when  V  and  C  are  exactly  in  phase — ^power- 
factor  unity.  Clearly  y  will  be  zero  and  a  alone  can  act  on  P.  The 
pressure  coil  must  then  turn  upon  its  axle  until  it  stands  in  the  angular 
position  shown  in  the  diagram  with  its  magnetic  axis  in  line  with  the 
axis  of  A — in  other  words,  in  the  position  of  maximum  mutual  induc- 
tion. The  point  where  the  index  stands  must  be  marked  o  degrees  if 
the  instrument  is  to  indicate  the  phase  angle,  or  unity  if  it  is  to  read 
power  factor.  Now  imagine  C  to  lag  behind  V.  Component  y  being 
no  longer  zero  will  deflect  P  more  or  less  according  to  the  relative  values 
of  y  and  a.  When  the  lag  amounts  to  45°,  y  and  a  will  be  equal,  and  if 
we  have  properly  proportioned  our  windings  on  A  and  B,  y  and  a  will 
now  produce  equal  fields  acting  with  equal  torques  upon  P.  The 
pressure  coil,  then,  urged  by  equal  forces  at  right  angles,  will  take  up 
an  angular  position  45°  from  the  direction  of  each  of  them.  Increasing 
the  lag  still  further,  and  remembering  that  with  any  constant  value  for 
C  we  decrease  a  as  we  increase  y,  we  see  that  P  will  be  deflected  more 
and  more  until  at  last,  when  C  is  exactly  in  quadrature  with  V,  com- 
ponent a  will  be  zero  and  y  alone  will  act  upon  P.  Hence  in  that  case 
the  pressure  coil  will  have  been  deflected  through  a  right  angle,  and 
will  stand  with  its  magnetic  axis  in  line  with  the  axis  of  coil  B.  The 
point  where  the  index  now  stands  must  be  marked  90^  for  a  phase- 
meter,  or  zero  for  a  power-factor  indicator. 

If  instead  of  a  lag  of  C  behind  V  we  assume  a  leading  current  the 
same  reasoning  will  apply,  but  the  direction  of  y  with  regard  to  the 
pressure  current  being  now  reversed,  the  coil  P  will  be  deflected  in 
the  opposite  direction,  until  when  C  is  exactly  a  quarter  period  in  front 
of  V  the  index  of  the  phasemeter  will  stand  at  90°  on  the  other  side  of 
0°,  indicating  a  lead  instead  of  a  lag. 

In  an  ideal  pliasemeter  the  coils  A  and  B  would  be  designed  to 
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hskTc  uniform  fields  throogboat  the  space  occupied  by  the  pressure  Mr. 
cod,  and  in  that  case  the  deflection  of  P  woold  not  alone  vary  with  the  ^'*"'****- 
phase  angle  between  V  and  C,  it  would  be  actually  equal  to  the  phase 
angle ;  amd  oar  scale  would  be  simply  degrees  of  arc.  I  have  never 
seen  an  ideal  phasemctcr,  but  I  do  not  know  of  any  reason  why  the 
phasctneters  one  sees  on  switchboards  should  not  be  a  good  deal 
ocarcr  the  ideal  than  they  are. 

One  other  point — a  serious  one  for  instrument  makers.  The  authors 
hare  shown  as  a  wattmeter  which  is  independent  of  frequency,  inde- 
pendent of  temperature,  and  independent  of  power  factor,  but  no 
instntment  in  the  world  is  independent  of  the  buyer,  who  is  exercising 
a  very  harmful  influence  at  the  present  time  on  the  design  of  instru- 
ments. He  imagines  that  an  electrical  instrument  is  a  thing  in  which 
there  are  a  few  pieces  of  brass  put  in  by  the  instrument  maker,  and 
perhaps  some  more  brass  added  by  the  sales  manager.  Let  him  aban- 
don that  conception  if  he  wants  a  good  instrument.  If  a  buyer  wants 
a  6rst-rate  instrtmnent,  such  as  the  authors  have  shown  us  this  evening, 
be  must  leam  to  pay  for  it. 

Professor  Ernest  Wilson  :   Having  gained  a  little  experience  in   Profe 
the  working  of  Dr.  Sumpner's  wattmeters  I  can  give  a  few  practical 
points  in  regard  to  it.    But  before  doing  so  I  should  like  to  refer 
to  the  diagram,  which  illustrates  a  theoretical  problem  in  connection 
with  these  wattmeters. 

Fig.  B  is  a  diagrammatic  representation  of  £>r.  Sumpner's  wattmeter, 
which  depends  for  its  action  upon  the  equation — 

where  V  Ls  the  voltage,  A  the  -amperes,  and  T  the  periodic  time.  This 
equation  is  true  for  all  frequencies  and  is  independent  of  wave-form. 
It  is  illustrated  by  the  carves  in  Fig.  B. 

The  wattmeter  represented  in  Fig.  C  was  devised  by  one  of  my  old 
stodcnts  (Mr.  W.  H.  Wilson)  and  is  of  the  electrostatic  type.^  As 
Uiown,  the  moving  system  of  the  electrometer  (Q)  is  connected  to  the 
cnd^  of  a  non-inductive  resistance  (R)  which  is  in  series  v^th  a  con- 
deni^er  (K)  across  the  supply  mains.  The  quadrants  of  the  electro- 
meter are  connected  to  the  terminals  of  the  secondary  circuit  of  a 
qoadratare  transformer  (QT). 

The  action  of  this  instrument  depends  upon  the  equation — 


'r"f:'''-ifG-'j:) 


where/ is  the  frequency.    This  equation  is  illustrated  by  the  curves  in 
Fig.  C,  and  a  comparison  with  those  in  Fig.  B  shows  that  provided  V 
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Professor 
Wilson. 
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and  A  are  sine  functions  of  the  time  the  two  wattmeters  have  equivalent 
quantities    impressed    upon    them    for    torque    production,    namely, 

Vdt  X  — ^  in  the  one  case  and  -—  x  ^ —  i"  the  other.     It  is  easily 
dt  dt  ^   dt  ^ 

shown  that  the  above  equation  only  holds  strictly  for  sine  curves,  and 
it  will  be  seen  that  it  involves  the  frequency  squared.  Should,  however, 
one  of  the  differentials  be  replaced  by  the  corresponding  integral,  the 
wattmeter  would  at  once  become  independent  of  frequency  and  wave- 
form. 


W4£\  \ 


Fk;.  B. 


Fig.  C. 


I  think  Dr.  Sumpncr  is  to  be  congratulated  because  he  was  able  lo 
apply  his  knowledge  of  mathematics  to  a  problem  without  making  any 
experiments  at  all,  and  the  application  of  those  mathematics  convinced 
him  that  his  instrument  would  be  accurate  when  he  made  it.  There- 
fore I  think  the  younger  members  of  the  Institution  ought  to  keep 
their  mathematics  well  before  them  and  look  upon  them  as  a  very 
valuable  tool  which  can  be  brought  to  bear  upon  problems  in  time  of 
need. 

I  would  like  to  emphasise  the  following  points  in  connection  with 
the  working  of  the  instrument : — 

I.  Comparing  quadrature  with  current  transformers,  I  would  point 
out  the  safety  with  which  the  secondary  circuit  can  be  broken  in  the 
first  case,  but  r.ot  in  the  second.    A  case  in  which  this  is  important  is 
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the  mcaborenient   of  3-phase  power  when  two  transformers  are  em-  Professor 
ployed  and  one  instrument.    Then,  again,  the  simplicity  of  construction 
of  the  quadrature  transformer  and  the  case  with  which  experimental 
onr-^  can  be  made  is  in  its  favour. 

2.  The  combination  of  a  wattmeter  with  a  voltmeter  is  valuable, 
c^fxrcially  in  the  case  of  a  portable  instrument,  and  it  may  be  noted 
thai  the  range  as  a  voltmeter  can  be  easily  varied  by  changing  the 
capacity  of  the  condenser. 

3.  The  instrument  is  easily  adapted  for  the  comparison  of  capacities 
and  mutual  inductions,  and  readily  lends  itself  to  a  variety  of  other 
measurements. 

Mr.  Krnelm  Kdgcumbe  :  I  should  like  to  differ  from  Mr.  Evershed,  Mr. 
and  to  bay  that  I  admire  the  paper  almost  more  than  I  do  the  instru-  ^""^  *' 
mcnt.  I  think  that  in  some  respects  the  authors  have  been  led  by  their 
enthusiasm  for  the  virtues  of  this  instrument  to  overlook  those  of  others, 
say,  the  dynamometer-pattern  wattmeter.  For  example,  they  speak 
vrvcral  times  of  the  fact  that  their  instruments  are  free  from  disturl)ance 
b>-  btray  magnetic  fields  ;  but  so,  of  course,  is  the  astatic  dynamometer — 
ahM>lutcly  free.  On  the  other  hand,  the  quadrature  transformer  which 
fomLN  an  integral  part  of  their  instrument  is,  I  should  say,  anything  but 
free  from  disturbance.  It  is  quite  true  that  in  Fig.  5  they  show  it  sur- 
rounded by  an  iron  core,  presumably  to  shield  it  from  the  stray  fields, 
but  it  seems  to  me  that  the  shell  might  as  well  l>e  placed  round  the 
current  coil  of  the  dynamometer.  In  that  case  the  instrument  would 
be  quite  as  free  from  errors  due  to  stray  fields  as  this.  Then,  again, 
they  very  rightly  point  out  the  disadvantages  attending  the  use  of  iron 
cures  in  the  current  coils  of  wattmeters,  but  they  use  an  iron  core,  as 
I  have  just  said,  in  their  quadrature  transformer,  and,  as  far  as  I  can  see, 
It  has  just  as  bad  an  effect  in  the  transformer  as  if  it  were  transferred 
to  the  instrument  coil ;  in  fact,  it  seems  to  me  to  be  merely  transferring 
the  errors  from  the  instrument  to  the  transformer. 

I  am  very  glad  to  see  that  the  authors  inveigh  against  the  indis- 
criminate connection  of  any  number  of  instruments  to  one  transformer. 
That  is  a  practice  which  I  think  all  instrument  makers  will  agree  with 
me  in  discouraging.  I  do  not  know  whether  I  would  go  quite  as  f.ir 
as  tbey  do  in  saying  one  ought  to  connect  nothing  to  a  transformer  but 
the  wattmeter.  If  the  transformer  is  of  fair  size  (say,  500  or  1,000 
ampere-turns),  there  is  no  objection  to  connecting  an  ammeter  or  even 
an  induction  relay  on  to  it  One  of  the  chief  offenders  in  this  counec- 
tjoQ  is,  I  think,  the  solenoid  relay,  in  which  not  only  is  the  back  E.M.F. 
vrry  high,  but  it  varies  largely  with  the  position  of  the  plunger  or 
core. 

I  do  not  know  that  I  can  quite  agree  with  their  way  of  rating  the 
m^trumentb  described  on  page  244.  As  far  as  I  can  see,  in  the  case  of  a 
vaUracter  designed  for  10  amperes  and  100  volts  they  would  graduate 
the  Mxale  to  1,000  watts,  that  is  to  say,  to  the  product  of  the  maximum 
current  into  the  raaximom  volts.  I  hardly  think  that  is  satisfactory,  in 
view  of  the  power  factors  which  are  met  with  in  practice.     I  gencr- 
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Mr.  ally  recommend  that  the  actual  rating  should  be  only  half  the  maximum 

Edgcumbe.    volt-amperes. 

I  notice  that  they  express  the  accuracy  as  a  percentage  of  the  volt- 
amperes,  whereas  I  think  the  accuracy  in  that  case  should  be  given  as 
a  percentage  of  the  maximum  scale  reading  in  waits.  The  whole 
question  of  rating  of  wattmeters  is,  however,  an  important  one,  and 
I  hope  the  Standards'  Committee  will  deal  with  it. 

On  page  236  the  authors  describe  what  they  call  a  "portable  standard 
wattmeter."  I  should  hardly  have  thought  that  the  accuracy  aimed  at 
in  these  instruments  was  sufficiently  high  for  standardising  work.  They 
speak  of  an  error  in  the  instrument  itself  of,  I  think,  0*5  of  a  degree  as 
being  good,  and  to  this,  I  presume,  has  to  be  added  the  transformer 
error.  This  seems  to  me  too  high  for  a  standard  instrument.  Then, 
again,  I  feel  it  is  a  great  disadvantage,  in  the  case  of  a  standard  watt- 
meter, not  to  be  able  to  check  it  with  direct  current  It  always 
seems  to  me  essential  in  the  case  of  a  complicated  instrument  like  a 
wattmeter — I  do  not  mean  complicated  in  itself,  but  one  having  to 
perform  a  complicated  function  such  as  measuring  the  instantaneous 
product  of  amperes  and  volts  must  be — it  is  essential  that  it  should 
be  capable  of  being  easily  checked  with  direct  current. 

I  hope  the  authors  will  not  think  that,  because  I  have  criticised  the 
instrument,  it  in  any  way  detracts  from  my  admiration  of  the  paper, 
which  simply  teems  with  new  and  original  ideas  and  suggestions 
applicable  not  only  to  these  wattmeters,  but  to  those  of  almost  every 
kind. 
Dr.  Kapp.  £)r.  Q.  Kapp  :  I  wish  to  add  my  expression  of  admiration  to  the 
authors,  not  only  for  the  paper,  but  also  for  the  instruments.  Instru- 
ment No.  I  happens  to  belong  to  a  collection  in  my  laboratory,  and  on 
testing  it  I  found  all  the  authors'  claims  for  this  type  of  wattmeter 
to  be  realised.  No.  i  is  one  of  the  first  instruments  Dr.  Sumpner  has 
made  and  is  not  perfect,  but  these  imperfections  are  not  faults  of  system  ; 
they  are  merely  faults  of  workmanship,  and  not  great  faults  either. 
The  air-space  is  not  absolutely  the  same  throughout  the  range.  The 
consequence  is  that  there  is  a  slight  variation  in  what  should  be  the 
"  constant,"  but  this  is  only  a  matter  of  a  few  per  cent.  The  instrument 
is  independent  of  frequency  and  shape  of  wave,  as  I  found  when 
using  it  on  different  circuits.  I  think  the  principle  which  the  authors 
have  introduced  of  using  iron  in  such  instruments  as  voltmeters  and 
wattmeters  is  a  step  in  the  right  direction.  There  are  very  good  iron- 
less  voltmeters  already  on  the  market,  but  they  take  a  large  amount  of 
power.  When  testing  transformer  iron  for  hysteretic  loss,  the  total 
power  with  10  kilogrammes  of  sample  will  only  be  from  20  to  30  watts, 
so  that  even  a  few  watts  absorbed  by  the  voltmeter  make  a  great 
difference  in  the  reading  of  the  wattmeter.  For  this  reason  it  is 
advisable  to  put  a  key  in  the  voltmeter  circuits  and  take  the  watt 
reading  when  this  key  is  not  depressed.  An  instrument  which  in 
itself  uses  very  little  power  may  make  such  a  precaution  superfluous. 
It  is  a  good  feature  of  the  authors'  instrument  that  it  may  be  adapted 
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to  measure  capacity.  Theoretically  we  can  take  the  capacity  of  any  Dr.  Kapp. 
cable,  short  or  long,  by  simply  throwing  on  a  certain  voltage  (the 
higher  the  better)  and  measuring  the  charging  current,  but  in  practice 
this  method  is  not  always  applicable.  The  charging  current  may  be  . 
too  small  to  be  measured  accurately,  and  if  the  wave  contains  strong, 
higher  harmonics,  the  capacity  computed  from  current  and  E.M.F. 
measurements  will  be  too  large.  By  the  authors'  method  even  a  small 
capacity  can  be  measured  with  great  accuracy,  and  the  presence  of 
upper  harmonics  cannot  introduce  any  error  since  they  affect  the 
standard  condenser  in  the  same  way  as  the  cable  to  be  measured.  All 
that  is  required  is  that  the  E.M.F.  does  not  alter  in  magnitude  or  shape 
between  the  two  measurements.  There  is  one  remark  made  by 
E>r.  Sumpner  to  which  I  take  exception.  He  said  that  no  wattmeter 
IS  accurate  for  unbalanced  loads.  If  he  meant  to  say  that  having  an 
unbalanced  load  it  is  not  correct  to  compute  the  total  power  by 
trebling  the  reading  in  one  phase,  this  is  self-evident,  but  I  should 
not  like  it  to  go  forth  from  here  as  a  general  statement  that  we  are 
ool  able  to  measure  power  given  to  unbalanced  loads.  We  have  watt- 
meters which  are  accurate  on  unbalanced  loads.  I  should  like  to 
remind  the  members  of  that  method  of  measuring  power  which  is  due 
to  Dr.  Behn-Eschenburg.  sometimes  (but  wrongly)  called  the  Aaron 
connection,  where  two  wattmeters  are  used  to  measure  the  total  power 
in  an  nnt)alanced  3-phase  load.  That  method  is  correct,  but  the  watt- 
meters must  not  be  placed  so  close  together  as  to  influence  each  other. 
If  one  attempts  to  build  a  duplex  instrument  on  the  Behn-Eschenburg 
principle  with  the  two  moving  systems  mechanically  connected,  certain 
errors  are  introduced  from  the  stray  fields,  and  then  the  instrument 
wdl  not  be  very  accurate.  But  recently  Dr.  Franke,  of  Messrs.  Siemens 
and  Halske,  has  designed  a  new  wattmeter  where  no  error  occurs 
doe  to  mutual  influence  ;  or,  rather,  the  mutual  influence  is  taken  into 
account  in  the  construction  and  calibration  of  the  instrument.  The 
new  Siemens  &  Halske  3-phase  wattmeter  gives  on  one  scale  the  total 
power  quite  independent  of  the  distribution  of  the  load  between  the 
three  circuits. 

Dr.  C.  V.  Drysdale  :  Every  one  must  admire  the  instruments  which  Dr. 
have  been  shown  so  eflfectively,  and  the  t>eautif ul  theory  which  underlies  *^nr«We. 
them.  I  will  confine  my  remarks  to  the  wattmeter  as  being  the  more 
mteresting  and  valuable  instrument  Apart  from  electrostatic  and  hot- 
wn^  wattmeters,  we  have  been  accustomed  to  two  types  of  electro- 
magnetic wattmeter — the  dynamometer  and  induction  types.  How 
may  the  authors'  instrument  be  described  ?  At  first  sight  it  appears 
to  be  a  dynamometer  instrument  on  a  new  principle,  as  it  has  fixed 
and  moving  coiLs,  but  it  differs  in  having  an  inductive  shunt  circuit 
and  a  quadrature  transformer  in  the  main  circuit  When,  however, 
we  come  to  compare  it  with  the  induction  pattern  we  are  able  at  once 
to  recognise  the  similarity.  The  comparison  is  best  made  by  diagrams 
€i  the  two  types.  Fig.  D  shows  the  simplest  form  of  induction  watt- 
meter, constj^ting  of  a  metal  disc  and  two  magnets.    The  left-hand 
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magnet  S  is  wound  with  a  shunt  coil,  and  the  flux  induced  by  it  is 
therefore  approximately  proportional  to  f\di.  The  right-hand 
magnet  M  is  wound  with  a  main  coil,  and  in  consequence  induces  a 

current  in  the  disc  proportional  to  -^-j.    This  current  crossing  the  field 


Fig.  D. 

due  to  magnet  S  produces  a  torque  proportional  to  the  mean  product  of 
DC 


^i 


and  /V  city  and  it  is  easy  to  show  that  this  is  the  same  as  mean  C  V 


or  the  mean  power  in  watts,  whatever  the  frequency  or  wave-form. 
Fig.  E  similarly  represents  the  authors'  wattmeter.    The  shunt  magnet 


Fig.  E. 


on  the  left  is  identical  in  construction  and  function  with  that  in  the 
induction  wattmeter,  but  in  place  of  the  disc  a  moving  coil  intersects 
its  field.  On  the  other  hand,  the  "  quadrature  transformer  "  T  on  the 
right  contains  a  main  circuit,  a  divided  core,  and  a  secondary  circuit, 
and  the  current  induced  in  the  secondary  and  moving  coils  is  identical 
in  phase  and  wave-form  with  that  induced  in  the  disc  of  the  induction 
wattmeter  by  the  main  coil  magnet.     In  fact,  the  authors'  wattmeter  is 
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u  iDdoction  wattmeter  in  which  the  currents  induced  by  the  main   gr. 

Drysdalc. 

cod,  instead  of  being  induced  in  and  carried  by  the  moving  disc,  are 
induced  in  a  separate  coil  and  taken  through  leads  to  the  moving  coil, 
aod  lU  theory  is  thus  identical  with  that  of  the  induction  wattmeter. 
It  may  be  termed  an  induction  wattmeter  with  external  induction. 
Thi^  mimediately  answers  Mr.  Evershcd's  difficulty  as  to  the  induction 
in  the  moving  coil  by  the  shunt  magnet,  which  is  identical  fn  effect 
with  the  cddv  currents  induced  in  the  induction  wattmeter  disc  by  the 
'^Uxmi  magnet,  and  in  that  case  simply  increases  the  torque.  In  the 
authors'  tn^ktrumcnt  these  currents  are  not  utilised. 

1 1  thus  appears  that  the  authors*  wattmeter  is  nothing  more  than 
an  old  friend  with  a  new  face,  and  the  moment  this  is  realised  it 
i>  pos:>ible  to  make  comparisons  and  to  appreciate  the  advance  they 
ii-»Tc  made.  The  simple  induction  pattern  wattmeter  can  be  made  a 
irry  sattbfactory  instrument  ;  in  fact,  I  have  tested  a  wattmeter  of  this 
t>-pc  which  shows  absolutely  no  error  on  zero  power  factor,  which  is 
*a  extremely  good  performance.  It  appears  that  the  authors,  by 
jvmg  an  external  transformer  and  fine  wire  secondary,  have  gained  in 
two  respects  :  first,  in  being  able  to  eliminate  temperature  variations  by 
intrtxluctng  a  considerable  swamping  resistance  R  ;  and  secondly,  in 
Umg  able  to  switch  over  from  circuit  to  circuit,  which  has  not  hitherto 
Nrtm  done  with  any  electromagnetic  wattmeter.  They  have  lost  in 
<*  H:ardmg  the  essential  simplicity  of  the  plain  induction  pattern  in- 
^runient  and  introducing  the  complexities  of  moving  coil  and  trans- 
'•■nner  as*  well  as  air  damping,  whereas,  in  the  induction  pattern,  damping 
i>  easily  effected  by  a  permanent  magnet  D  acting  on  the  same  disc. 

Turoing  now  to  the  comparison  with  the  primitive  or  dynamometer 
wattmeter,  there  is  one  essential  theoretical  difference  to  which  attention 
hi'*  already  been  called.  In  the  dynamometer  pattern  of  instrument, 
■Apart  from  inductive  errors,  the  torque  is  directly  due  to  the  product  of 
-  c  potential  difference  V  and  current  C,  whereas  in  the  induction 
piltcrn  the  action  of  the  shunt  field  on  the  eddy  currents  induced  by 
-^c  main  coil  gives  rise  to  a  torque  proportional  to  the  mean  value  of 

\    X  fXdt.    In  the  simplest  case,  that  of  sine-wave  forms,      -  =^C 

V 

where    p^2w  (\j  and  fX di=s  -.    In  taking  the  product, therefore, 

the  frequency  is  eliminated,  which  is  generally  true  so  long  as  the  fields 
and  induced  currentii  are  strictly  proportional  to  the  potential  difference 
And  current  which  induced  them.  This  can  only  l>e  true,  however, 
urer  a  certain  range,  as  is  evident  from  the  fact  that  the  instrument 
wiU  give  no  indication  on  direct  current,  which  is  simply  an  alternate 
current  o^  frequency  zero.  The  current  in  the  shunt  coil  will  be 
different  for  different  frequencies. 

In  my  own  form  of  deflcctional  instrument  I  have  preferred  to 
foUow  the  simple  dynimometer  principle  as  far  as  possible,  and  it  is 
caty  to  show  that  iron  miyalso  be  used  in  this  instrument  provided 
ttiit  It  is  kept  entirely  in  the  main  circuit,  and  th  it  there  is  an  air-gap 
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Dr. 
Drysdale. 


bearing  a  definite  proportion  to  the  magnetic  path  in  the  iron.  The 
advantage  of  this  arrangement  is  that  no  question  of  lag  due  to  resis- 
tance, which  is  a  somewhat  important  matter  in  the  induction  watt- 
meter, has  to  be  compensated  for,  and  the  instrument  requires  no 
adjustment.  Fig.  F  shows  a  section  of  this  form  of  wattmeter  in  which 
the  main  coils  are  wound  like  the  fields  of  an  iron-clad  dynamo,  and  a 
moving  coil  of  narrow  or  Ayrton  Mather  form  is  employed.  Although 
I  do  not  claim  that  this  is  necessarily  better  than  the  authors*  instru- 
ment— and  there  is  quite  room  for  wattmeters  both  of  the  dynamometer 
and  the  induction  type — I  think  it  has  the  advantage  of  simplicity.  I 
am  glad  that  Professor  Kapp  has  brought  up  the  two-wattmeter  method 
of  measuring  3-phase  power,  and  I  am  unable   to  understand   why 
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Fig.  F. 

manufacturers  have  not  done  more  in  the  production  of  double  watt- 
meters. Ever  since  my  own  first  experience  with  wattmeters  I  have 
designed  instruments  of  the  double  type,  and  in  the  form  just  described 
it  is  only  necessary  to  have  two  similar  systems  at  right  angles,  in  which 
case  the  interference  is  practically  nil. 

In  conclusion,  I  consider  the  method  of  measuring  capacity  intro- 
duced by  the  authors  a  most  beautiful  and  practical  one,  and  I  feel  sure 
that  it  has  great  advantages  over  nearly  every  other  method.  It,  of 
course,  can  be  equally  well  used  with  any  other  type  of  wattmeter  if  a 
choking  coil  is  introduced  into  one  of  the  circuits,  but  the  fact  that  this 
method  is  independent  of  frequency  and  wave-form  has  been  entirely 
established  by  the  authors  and  is  of  the  greatest  value. 

J.  T.  Irwin  :  I  should  like  to  show  the  method  of  compensating 
for  the  errors  in  the  wattmeter,  to  which  Dr.  Sumpner  has  referred  in 
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tri*  opening  remarks.  This  method  I  brought  to  Dr.  Sumpner's  Mr.  Irwin, 
notice  a  short  time  ago,  and  he  found  on  looking  up  his  notes  that  it 
had  also  occmred  to  him.  It  is  required  to  measure  the  power  given 
to  the  circuit  AB.  The  vector  diagram  shows  the  phases  of  the 
vanooft  quantities.  V  is  the  voltage  across  AB.  C,  is  the  main 
corrcnt  in  the  circuit  lagging  behind  V.  Ri  and  L.  are  the  resistance 
ind  the  inductance  of  the  magnet  coil.    F  is  the  flux  in  the  magnet 

coil  lagging  nearly  -  radians  behind  V,  and  inversely  proportional  to 

the  freqoency.  C,  is  the  current,  directly  proportional  to  the  fre- 
qocQcy,  in  the  secondary  of  the  quadrature  transformer,  which,  owing 
to  the  inductance  of  its  circuit  l>eing  small  compared  with  its  resis- 


tance, 


\  1  shall  assume  lags  only     radians  behind  C,.    In  this  case  the 


R. 


angle  between  the  flux  and  the  secondary  current  is  f  -f  «   'i3»  where  f 


Fic.  G. 


Fig.  H. 


R 
tt  the  angle  between  the  primary  current  and  voltage,  and  ,~  is  the 

angle  by  which  the  flux  falls  short  of  being       radians  behind  the 

«t>ltage. 

To  make  the  angle  between  the  flux  in  the  magnet  and  the  current 
in  the  secondary  exactly  equal  to  the  angle  between  the  primary 
current  and  the  primary  voltage  it  is  necessary  to  advance  the  phase 

of  the  secondary  current  by  f— Vj.    To  do  this,  the  moving  coil  circuit 

is  broken  at  A  B  and  joined  up  to  the  end  of  the  resistance  R,  in  the 
main  circott. 

If  this  is  joined  up  in  the  right  direction,  there  will  be  two  R.M.F.'s 
m  the  secondary  circuit  MFC,  and  C,  R^,  and  the  resultant  E.M.F.  is 

—  j?^  radians  behind  the  current  in  the  main  circuit,  where  M  b  the 

amtoil  induction  of  the  two  coils  of  the  transformer. 
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When  vrp  =  i— T,^^®  wattmeter  would  be  correctly  compensated 

for  the  resistance  of  the  magnet  winding  and  would  read  correctly 
on  any  power  factor  or  frequency. 

Further  corrections  could  be  introduced  to  compensate  for  the 
small  self-induction  of  the  moving-coil  circuit  and  for  the  iron  (if  any) 
in  the  quadrature  transformer.  Thus  the  total  angle  of  lag  of  the 
current  in  the  secondary  circuit  behind  the  flux  in  the  magnet  when 
there  is  no  compensation  is  equal  to — 

L  P 

where  -p-  is  the  angle  of  lag  of  the  secondary  current  behind  the 

secondary  E.M.F.,  and  0  is  the  angle  of  lag  of  the  flux  in  the  trans- 
former behind  the  primary  current  owing  to  the  hysteresis  in  the  iron. 
If  R3,  the  resistance  in  the  main  circuit,  is  increased  so  that — 

MP^L.P"^    R,   '^^' 

then  the  wattmeter  will  read  correctly  at  any  power  factor  at  one 
particular  frequency,  and  will  be  correctly  compensated  for  the 
resistance  of  the  magnet  winding  for  any  frequency.  In  addition,  it 
will  be  partially  compensated  for  the  self-induction  of  the  moving-coil 
circuit,  and  for  the  lag  due  to  hysteresis  at  any  frequency  greater  than, 
and  over  compensated  for  any  frequency  less  than,  the  particular 
frequency  chosen  for  exact  compensation.  For  any  practical  frequency 
the  phase  error  will  be  only  a  small  fraction  of  the  phase  error  when 
uncompensated,  which  Dr.  Sumpner  has  shown  can  be  made  very 
small. 

{Communicated) :  The  great  advantage  of  the  Sumpner  wattmeter  is, 
that  it  can  be  easily  adapted  to  measure  the  power  in  any  circuit  no 
matter  whether  the  current  is  very  large  or  very  small,  and  in  this  is 
comparable  with  a  moving-coil  ammeter ;  in  fact,  it  has  an  advantage 
over  the  moving-coil  ammeter,  in  that  the  drop  of  voltage  in  the 
primary  of  the  transformer  decreases  as  the  current  increases.  But 
the  wattmeter  has  the  serious  disadvantage  that  it  is  not  easily 
adaptable  to  measure  the  power  in  a  circuit  when  the  voltage  is  higher 
than  that  for  which  the  magnet  is  wound.  One  cannot,  as  in  the 
ordinary  type  of  wattmeter,  put  a  resistance  in  series  with  the  pressure 
coil  (or  magnet  coil). 

It  is  necessary  to  introduce  a  transformer  to  reduce  the  pressure  to 
that  suitable  for  the  magnet.  If  the  magnet  winding  only  very  slightly 
loads  the  secondary  of  the  transformer,  then  owing  to  the  flux  in  the 

transformer  being  less  than  -  radians  behind  the  primary  voltage,  the 

secondary  voltage  is  less  than  ir  radians  behind  the  primary,  and  there 
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will  be  another  error  introduced  into  the  wattmeter,  and  this  will  be   Ur.  irwin. 
added  to  those  already  referred  to. 

This  error  will  be  small,  as  the  transformer  will,  of  course,  have  a 
closed  iron  circuit.  In  an  E.H.T.  transformer,  where  the  windings 
are  kept  a  comparatively  great  distance  apart,  and  the  current  taken 
by  tbc  magnet  coil  being  a  lagging  one,  the  voltage  on  the  secondary 
viuding  of  the  transformer  may  be  more  than  ir  radians  behind  the 
voltage  on  the  primary,  and  in  this  case  the  error  is  substracted  from 
tho«e  referred  to  above. 

In  cither  case  the  method  of  compensation  will  enable  an  adjust- 
ment to  be  made  that  will  practically  wipe  out  all  the  errors  in  the 
instrument. 

Mr.  Alexander  Russell  (communicated) :  The  authors'  tests  show  Mr.  Rumcii. 
that  the  accuracy  of  the  instruments  is  sufficiently  high  for  central 
station  work,  and  they  seem  well  adapted  for  switcht board  use.  As 
Mr.  Evershcd  pointed  out,  there  are  still  one  or  two  little  points 
in  connection  with  the  theory  of  the  wattmeter  and  voltmeter  that 
need  to  be  elucidated,  but  I  have  no  doubt  that  Dr.  Sumpner  will 
do  this,  and,  if  necessary,  slightly  modify  the  design  of  the  instru- 
ments. Perhaps  the  authors  are  a  little  too  enthusiastic  about  the 
ad\'antages  of  shunt  electromagnets.  It  is  quite  true  that  the  eddy 
currents  do  not  alter  the  total  flux  through  the  core  of  the  electromagnet, 
but  they  alter  its  distribution,  and  this  can  lead  to  errors.  In  Fig.  7 
the  authors  show  the  connections  for  their  wattmeter  on  a  balanced 
load.  By  a  balanced  load  the  electrical  engineer  usually  means  that 
the  currents  in  the  three  mains  are  practically  equal,  and  that  the 
potential  differences  l>etwecn  the  mains  are  alsp  practically  equal. 
Taking  this  to  tx;  the  meaning  of  a  balanced  load,  I  am  not  prepared 
to  admit  that  the  sum  of  the  instantaneous  values  of  the  three  potentials 
of  the  mains  is  zero.  If  one  of  them  were  earthed,  for  instance,  this 
would  certainly  not  be  true.  In  systems  where  we  have  an  appreciable 
length  of  three-core  cable  and  the  fault  resistance  of  each  main  is  not 
very  low  the  assumption  is  permissible  and  the  method  is  correct,  but 
the  effect  of  want  of  balance  of  the  potentials  should  be  considered  in 
the  proof  given  in  Note  2.  The  connections  shown  in  Figs.  10  and  25 
are  exceedingly  neat  and  instructive.  The  magnetostatic  voltmeter 
is  an  instrument  that  will  be  useful  in  the  lecture-room  as  well  as  on 
a  switch txnrd,  as  it  is  such  an  excellent  illustration  of  electrical 
principles.  It5  only  practical  limitation  is  that  it  will  not  read  voltages 
on  direct -current  circuits,  and  voltages  which  are  partly  direct  and  partly 
alternating.  The  method  of  measuring  capacity  explained  by  the 
authors  will  prove  valuable  in  practice,  and  it  is  more  accurate  than 
many  more  pretentious  methods.  I  appreciate  highly  Dr.  Sumpner's 
method  of  considering  the  theory  of  phase  indicators.  There  are  still, 
however,  some  outstanding  difficulties.  In  Fig.  22,  for  example,  a  neat 
form  of  phase  indicator  for  single^phase  circuits  is  shown.  Let  us 
Mippojie  that  the  applied  wave  is  sine-shaped,  and  that  the  load  on  this 
circuit  i»  a  resistance,  an  inductive  coil   L  and  a  condenser  K,  all 
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Mr.  Russell,  connected  in  series.  Now  when  the  capacity  of  the  condenser  is  very 
small  the  instrument  will  indicate  a  leading  power  factor.  As  we 
gradually  increase  the  capacity  K  of  the  condenser  the  power  factor 
will  increase,  passing  through  its  maximum  value  unity  when 
K=  i/(4ir»/»L),  where /is  the  frequency.  For  greater  values  of  K 
the  instrument  will  indicate  a  lagging  power  factor.  It  would  be 
interesting  to  know  how  the  instrument  would  behave  if  we  carried 
out  this  experiment  in  exactly  the  same  way  when  the  applied  voltage 
wave  had  harmonics  of  large  amplitude.  In  this  case  the  power  factor 
can  never  be  unity,  but  (taking  an  extreme  case)  let  us  suppose  that 
its  maximum  value  is  o'8.  Then  I  have  often  wondered  if  the  pointer 
of  the  instrument  would  jump  from  0*8  leading  to  o'S  lagging  at  a 
single  bound,  a  phenomenon  which  seems  to  me  to  be  physically 
impossible,  or  whether  it  would  be  very  unsteady,  or  whether  it  would 
simply  read  wipngly.  Exactly  the  same  criticism  applies  to  3-phase 
indicators.  I  agree  with  Dr.  Sumpner  that  ordinary  phase  indi- 
cators are  of  great  use  in  practice,  but  with  distorted  waves  their 
readings  have  to  be  freely  interpreted.  Dr.  Sumpner  several  years  ago 
pointed  out  the  risks  run  when  you  draw  too  many  vectors  of  periodic 
quantities  (not  obeying  the  sine  law)  in  one  plane.  In  Fig.  24  the 
vectors  representing  the  three  potential  differences  between  the  mains 
are  in  one  plane,  because  the  sum  of  the  instantaneous  values  of  these 
potential  differences  is  always  zero.  Similarly  the  three  vectors, 
A„  Aa,  and  A3,  are  in  one  plane.  But  are  these  two  planes  coincident  ? 
It  seems  to  me  that  in  graphical  theory  we  have  to  consider  not  only 
whether  vectors  are  in  one  plane,  but  also  the  relative  positions  of 
given  planes. 

Dr.  Garrard.  t)r.  C.  C.  Garrard  {commuuicaUd) :  The  authors  state  that  the 
torque  on  the  moving-coil  system  of  their  instruments  for  full  scale 
deflection  is  V2  gramme-centimetres,  and  also  that  this  is  greater 
than  that  usually  employed  in  the  dynamometer  or  induction-type 
instruments.  As  far  as  my  own  information  goes,  however^  this  is 
not  wholly  correct.  For  the  dynamometer-type  instruments  it  is 
correct. 

As  regards  the  torque  at  maximum  scale  deflection,  however,  for 
induction  instruments  as  made  by  Messrs.   Ferranti,  Ltd.,  these  are  * 
as  follows : — 


Professor 
Ayrton. 


Induction  ammeters  and  voltmeters,  3-4  gramme-centimetres. 
Induction  indicating  wattmeters,  2-3  gramme-centimetres. 

One  of  the  chief  advantages  of  induction-type  instruments  is  that 
one  can  obtain  a  large  torque  with  them.  This  is  of  importance  for 
switchboard  instruments,  as  it  means  that  all  the  parts  can  be  made 
heavier  and  stronger,  and  capable  of  withstanding  rough  usage,  which 
arc  very  important  points  for  such  instruments. 

Professor  W.  E.  Ayrton  {communicated) :  I  have  read  and  re-read 
all  Dr.  Sumpner's  papers,  including  the  present  one,  several  times* 
The   history  of  the  development  of  Dr.  Sumpner's  instruments  is  a 
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(aacinating  one  because  at  the  beginning  the  method  of  using  iron  Profe«»or 
Id  attcmate-current  metres  seemed  so  hopeless  if  any  approach  to  ^^  *^^ 
considerable  accuracy  was  aimed  at.  But  the  survival-of-the-fittest 
principle  has  underlain  all  the  trials  and  modifications  of  his  meters, 
and  their  early  reception  by  electrical  engineers  resembles  the  recep- 
tion of  the  Darwinian  theory  by  the  world  fifty  years  ago.  The  first 
contribution,  which  constituted  his  Inaugural  Address  as  Chairman 
of  the  Birmingham  Local  Section  in  1904,  was  mainly  suggestive, 
and  as  a  paper  worthy  of  reading  and  discussion  it  observed  that  it 
might  be  possible  successfully  to  use  iron  in  alternate-current  instru- 
ments. 

In  1906  he  presented  a  further  paper  to  the  Institution,  which  was 
published  in  the  journal  as  an  Original  Communication.  By  that  time 
people  had  become  alarmed  that  his  theories  might  be  true.  Later  in 
1907  he  submitted  another  paper  to  the  Royal  Society,  developing  his 
ideas  still  further.  Next,  the  General  Electric  Company  took  up  the 
manufacture  of  his  instruments,  and  now  he  finally  brings  before  us 
the  completed  realisation  of  his  production  of  four  years'  work. 

As  to  the  correctness  of  his  theories  and  the  commercial  accu- 
racies of  his  instruments,  a  test  of  them  enables  them  to  speak  for 
themselves,  they  being,  in  fact,  now  able  to  speak  for  themselves, 
which  Ls  held  by  scientific  people  as  t>eing  the  climax  of  Darwinian 
development. 

Mr.  W.  Philups  {communicaUd) :  The  first  point  that  strikes  one  Mr.  Phillips. 
on  looking  at  the  general  view  of  the  instrument  in  Fig.  i  is  the  damp- 
m%  arrangement  Here,  apparently,  the  designer  has  made  a  virtue  of 
necessity  in  placing  the  vane  at  the  end  of  a  long  pointer  in  order  to 
balance  the  moving  coil  which  is  pivoted  in  a  line  with  one  side.  This 
arrangement  appears  to  me  as  one  likely  to  give  some  trouble.  In- 
struments are  often  very  roughly  handled  in  transit,  and  as  the 
clearances  between  the  damping  vane  and  air  chamber  are  necessarily 
small,  it  is  not  unlikely  that  the  pointer  may  get  sufficiently  bent  to 
cause  the  instrument  to  stick.  Again,  if  only  small  overloads  are 
$«xldenly  applied  to  the  instrument,  or  if  the  full  load  is  suddenly  put 
on  the  instrument  a  number  of  times,  the  pointer  may  bend  sufficiently 
to  canse  the  damping  vane  to  stick,  or  at  any  rate  to  upset  seriously  the 
side  balance  of  the  moving  system. 

With  regard  to  the  torque  on  the  moving  system,  this  is  given  as  1  *2 
gramme-centimetres,  and  one  or  two  speakers,  as  well  as  the  authors, 
have  drawn  comparisons  between  this  and  the  torque  that  can  be 
obtained  on  the  dynamometer  form  of  instrument  I  can  only  speak 
ti  tbe  dynamometer  instruments  of  Messrs.  Elliott  Brothers'  manu- 
facture, and  while  agreeing  that  the  usual  value  of  the  torque  is  in  the 
order  of  1*2  gramme-centimetres,  I  would  say  that  in  one  pattern  of 
switchboard  d3mamometer  instrument  the  torque  for  90°  deflection  is 
rather  more  than  three  times  tha^  given  by  the  authors,  and  in  their 
extra  targe  dial  station  voltmeters  of  the  dynamometer  pattern  the 
lorqoc  is  nearly  ten  times  that  of  the  authors'  instrument 
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Mr.  Phillips.  With  regard  to  the  quadrature  transformer,  I  think  it  is  a  matter 
for  regret  that  it  is  necessary  to  employ  such  a  device  in  connection 
with  the  wattmeter,  at  any  rate  for  switchboard  use.  Although  it  may 
not  be  advisable  to  work  trip  coils  in  series  with  indicating  wattmeters, 
I  do  not  think  there  is  so  much  objection  with  regard  to  relays  and 
integrating  wattmeter  coils. 

Speaking  of  2-  and  3-phase  systems,  there  are  very  few  power  stations 
in  the  United  Kingdom  where  the  average  power  factor  falls  below 
o'9  to  o'85,  and  the  extra  expense  of  the  quadrature  transformer, 
and,  more  important  still,  the  cost  of  fixing  this  and  running  the 
additional  instrument  connections,  to  say  nothing  of  the  extra  space 
required,  is  hardly  warranted  by  the  slight  improvement,  if  any,  in 
accuracy. 

For  high  potential  3-phase  circuits,  it  appears  from  the  con- 
nection shown  in  Fig.  8  that  the  wattmeter  will  require  not  one  extra 
transformer,  but  three,  namely,  one  quadrature  and  two  potential  trans- 
formers. Usually  the  switchboard  indicating  wattmeters  are  worked 
off  the  integrating  wattmeter  potential  transformers,  but  this  will  not 
be  possible  with  the  arrangement  shown  in  Fig.  8. 

With  regard  to  the  measurement  of  the  output  of  a  number  of 
alternators  in  parallel,  and  also  of  total  output,  the  arrangement  shown 
in  F*ig.  10  can,  by  slight  modification  suitable  to  the  type  of  instrument, 
be  used  also  for  the  dynamometer  form  of  wattmeter.  Another  point 
that  is  of  considerable  importance,  particularly  in  the  case  of  portable 
instruments,  is  the  possibility  of  using  them  indifferently  on  a  sorvj  or 
25-00  circuit.  Apparently  it  is  not  possible,  or  at  any  rate  advisable, 
to  use  a  50-00  instrument  of  Dr.  Sumpner's  type  on  a  25-00  circuit. 
I  would  point  out  here  that  this  is  one  of  the  advantages  of  the 
dynamometer  pattern,  that  it  can  be  used  indifferently  on  a  5o-r>^  or 
25-rvj  circuit.  This  is  particularly  important  for  test  sets,  such  as 
dynamo  and  engine  builders  require.  The  frequency  for  which 
machines  are  now  generally  built  varies  from  about  25  to  60  n^o,  and 
it  is  necessary  that  the  testing  equipment  shall  cover  this  range. 

I  gather  from  the  author's  remarks  on  frequency  variation  under 
the  heading  of  Magnetostatic  Voltmeters,  that  their  50-00  instrument 
would  either  burn  out,  or  at  any  rate  overheat,  if  used  on  25  r\j  .  That 
the  possibiHty  of  using  a  50-00  instrument  on  a  25-ro  circuit  and 
.vice  versa  is  a  property  not  to  be  neglected,  even  in  the  case  of  a 
switchboard  instrument,  can  best  be  illustrated  by  an  actual  case  that 
occurred  recently. 

Some  alternate-current  dynamometer-recording  voltmeters  of 
Messrs.  Elliott  Brothers'  make  were  ordered  by  a  firm  of  engineers 
in  Australia.  On  delivery  it  was  discovered  that  a  mistake  had  been 
made,  and  that  50-00  instruments  had  been  ordered  instead  of  25-r>j. 
I  was  able  to  reply,  in  answer  to  a  cablegram,  that  the  instruments 
could  equally  well  be  used  on  a  25-00  circuit  as  for  the  50-ou  for 
which  they  were  ordered. 

As  an  illustration  of  the  converse  of  the  above,  there  is  a  switch- 
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^        board  in  a  Central  Station  near  London  now  supplying  current  at   Mr.  Phuiips. 
5D-rvi   controlled  through  the  agency  of  dynamometer  instruments 
originally  installed  when  25-00  was  the  frequency  of  supply,  and  this 
without  the  adjustment  or  removal  of  a  single  instrument  from  the 
switchboard. 

I  will  add  nothing  in  connection  with  many  other  points  of  great 
interest,  except  that  I  have  had  phasemeters  in  use  with  iron-cored 
sche>  magnets  for  some  considerable  time,  and  find  that  I  can  thereby 
greatly  increase  the  torque,  and  therefore  the  robustness  of  the 
mstruments. 


Discussion  at  Birmingham,  April  8,  1908. 

Mr.  A.  M.  Taylor  :    When  these  instruments  were  first  shown   Mr.  Taylor, 
by  I>r.  Sumpncr  various  forms  of  electromagnet  were  used,  including 
some  placed  in  scries  with   the  main  circuit.     Do  the  authors  still 
recommend  this  type,  or  do  they  possibly  wish  to  forget  having  spoken 
of  the*»e  on  a  former  occasion  ? 

Mr.  J.  F.  Kemp  :  Speaking  as  a  central  station  engineer,  we  owe  a  Mr  Kemp, 
great  deal  to  the  authors  for  the  science  and  ingenuity  which  they 
have  displayed  in  the  construction  of  these  instruments.  I  am  espe- 
cially interested  in  the  wattmeter,  and  would  particularly  like  to  know 
whether  they  have  given  any  attention  to  wattmeters  of  the  integrating 
type.  AlbO  can  we  use  existing  current  transformers  when  applying 
these  instruments,  or  is  it  essential  that  we  should  use  the  particular 
type  which  Dr.  Sumpner  has  shown  us?  In  view  of  the  very  small 
amount  of  room  available  for  instruments  on  modern  switchboards,  I 
should  also  Hke  to  know  whether  these  instruments  can  be  made  up  in 
the  edgewise  pattern,  as  this  is  practically  the  only  possible  type  of 
instrument  where  room  is  a  matter  of  consideration. 

Mr.  J.  D.  CoALRs :  Can  Dr.  Sumpner  give  some  idea  as  to  how  Mr.  Cojie«. 
much  current  can  be  taken  from  the  secondary  of  a  quadrature  trans- 
former without  appreciably  reducing  the  phase  difference  between  the 
primary  and  secondary  currents  below  90°  ?  I  have  tried  the  experi- 
ment of  connecting  the  main  coil  of  an  ammeter  transformer  in  series 
with  the  current  coil  of  a  wattmeter,  and  the  secondary  winding  to  the 
preNsurc  coil  of  the  wattmeter.  On  sending  current  tlirough  the  trans- 
it •rmcr  the  wattmeter  gave  a  considerable  reading,  thus  showing 
th.it  the  primary  and  secondary  currents  were  in  this  case  not  in 
quadrature.  The  secondary  winding  of  the  transformer  had  .severa 
hundred  turns  and  the  wattmeter  pressure  coil  a  resistance  of  several 
thou.%and  ohms.  Our  t^hanks  are  due  to  Dr.  Sumpner  for  the  very 
clear  explanation,  in  the  introduction,  of  the  fundamental  differences 
between  the  properties  of  the  shunt  and  series  alternating  electro- 
magnet 

Dr.  D.  K.  Morris  :  Dr.  Sumpner  has  previously  given  an  explana-   Dr.  Morru. 
txio  nf  the  action  of  his  phasemeter,  which  appears  to  be  more  simple 
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Dr.  Morris,  than  the  theory  now  given.  It  is  clear  that  a  coil  carrying  alternating 
current  and  placed  in  a  revolving  field,  but  otherwise  not  subject  to 
control,  can  only  take  up  a  position  such  that  at  the  moment  of  maxi- 
mum current  flowing  in  the  coil  the  field  where  the  coil  finds  itself  is 
zero.  If  the  coil  were  in  any  other  position,  then  it  would  naturally 
tend  to  be  deflected  into  that  position.  This  theory  seems  quite  simple, 
but,  as  Dr.  Sumpner  does  not  give  it,  I  should  like  to  know  if  he  regards 
it  as  unsound.  I  should  like  further  to  know  if  the  indications  of  these 
phase  indicators  or  power-factor  meters  depend  upon  the  wave-form, 
so  that  their  calibration  would  be  erratic  at  certain  particular  phase 
indications. 

Mr.  Brew.  Mr.  WiLLiAM  Brew  :   The  instruments  described  by  the  authors 

are  of  both  switchboard  and  portable  type,  and,  although  it  may  be 
argued  that  little  difference  need  exist  in  these  two  classes  of  instru- 
ments, in  practice  the  3uty  expected  of  them  may  differ  considerably. 
Taking  first  switchboard  types  of  instruments  such  as  are  required 
by  alternate-current  stations  workipg  at  extra  high  pressure,  it  is  to 
be  noted  that  the  instruments  of  primary  importance  at  the  power 
station  are  those  to  record  pressure  of  supply  and  units  generated. 
Instruments  of  secondary  importance  are  necessary  to  Indicate  current 
per  phase  on  each  generator  and  feeder.  Auxiliary  instruments  are 
also  essential  for  synchronising,  indication  of  excitation,  etc. 

Other  instruments  such  as  power-factor  indicators,  idle-curreut 
ammeters,  phasemeters,  etc.,  are  not  generally  essential  except  in  those 
cases  where  the  extended  use  of  synchronous  motor  sub-stations 
permits  of  the  power  factor  of  the  load  being  regulated  within  certain 
limits. 

Even  looking  at  the  question  of  switchboard  instruments  from  a 
purely  commercial  point  of  view,  it  is  of  great  importance  that  the 
power  station  be  equipped  with  good  voltmeters  and  wattmeters,  and 
since  the  cost  of  such  instruments  may  naturally  be  expected  to 
increase  in  due  proportion  to  their  reliability  and  accuracy,  it  is  neces- 
sary to  determine  what  variation  from  the  truth  is  permissible  in  their 
indications.  Under  existing  obligations  as  to  the  regulation  of  pressure 
and  the  necessity  of  arriving  at,  as  far  as  possible,  a  true  return  of  the 
units  generated  in  any  given  time,  the  indications  of  these  two  instru- 
ments should  undoubtedly  be  reliable  within  i  to  2  per  cent,  under  all 
working  conditions.  It  is  further  to  be  borne  in  mind  that  both  in  the 
initial  installation  of  each  unit  of  generating  plant,  and  also  after  any 
subsequent  overhauling  of  these  has  been  effected,  it  is  often  of  the 
greatest  importance  to  determine  accurately  the  performance  of  the 
plant  upon  the  usual  basis  of  lbs.  of  steam  per  kilowatt-hour.  Upon 
such  measurements  may  depend  bonus,  payments,  or  heavy  penalties 
to  contractors,  and  hence  extra  expense  should  not  be  grudged  if  really 
reliable  instruments  can  be  obtained  for  this  duty. 

The  wattmeters  described  by  the  authors  are  of  the  directly  indi- 
cating type.  The  usual  practice  hitherto  in  the  equipment  of  alter- 
nating-current stations  has  been  to  provide  watl-hour  meters   upon 
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each  generator,  such  instruments  possessing  the  advantage  of  indicating  Mr.  Brew. 
at  oaoe  the  units  generated  in  any  given  interval.  The  powerful  and 
positive  action  of  the  wattmeters  described  by  the  authors,  due  to  the 
fact  that  they  are  able  to  use  iron  in  the  construction  of  these  instru- 
ments, and  that  they  are  unaffected  by  wave-form,  frequency,  etc., 
sboold,  boweVer,  specially  (it  them  for  service  as  recording  instruments 
or  watt -hoar  meters,  and  as  such  they  should  cover  an  extensive  field 
oi  usefulness. 

As  re^&rds  ammeters  required  for  indicating  amperes  per  phase  on 
eAcfa  generator,  or  the  approximate  share  of.  the  load  when  one  or 
more  units  are  running  in  parallel,  the  practical  conditions  arc  not  so 
exacting,  and  consequently  cheaper  and  less  accurate  instruments  can 
generally  be  employed.  The  same  remark  holds  good  to  probably  a 
greater  extent  as  regards  ammeters  upon  feeder  panels.  An  accurate 
and  reliable  type  of  synchroniser  is,  however,  of  great  importance, 
aod  here  again  expense  should  not  be  spared  to  obtain  a  really  service- 
able instrument. 

The  application  of  measuring  instruments  to  extra  high-pressure 
kwitcbboards,  as  sometimes  carried  out  at  present,  is,  from  the  station 
engineer's  point  of  view,  not  altogether  an  unmixed  blessing,  the  chief 
cauM:  of  uneasiness  arising  fron\  the  necessity  of  a  number  of  high- 
presMire  connections  to  busbars,  the  integrity  of  which  the  engineer 
canxMt  afford  to  endanger  by  the  introduction  of  any  source  of  break- 
down which  can  possibly  t>e  avoided. 

As  an  example  of  unnecessary  connections,  we  may  take  the  case 
wtierc  A  tenders  for  a  high-pressure  switchboard,  and  includes  in  his 
tender  instruments  manufactured  by  B,  often  of  foreign  make.  A 
inake>  his  own  switches,  trip  coils,  and  relays,  together  with  suitable 
ciorent  and  potential  transformers  for  operating  same.  B's  wattmeters 
aod  other  instruments  are  specially  designed  to  work  in  conjunction  with 
potential  and  current  transformers  made  by  himself,  and  quite  unsuitable 
for  actuating  the  switchgear  we  have  supposed  made  to  the  standard 
patterns  of  A,  the  principal  contractor.  The  result  is  that  a  multiplicity 
<»€  unnecessary  high-pressure  connections  to  the  busbars  is  entailed, 
ab^lutcly  courting  danger  to  life  and  breakdown.  Standardisation 
with  regard  to  such  instrument  transformers  is  most  essential. 

Associated  with  extra  high-pressure  supply  at,  say,  10,000  or 
3o/xx>  volts,  it  is  almost  impossible  to  prevent  static  discharges 
between  some  portions  of  the  switchgear,  insulators,  etc.,  and  the 
consequent  production  of  ozone  in  greater  or  less  quantities.  The 
di%a!itroas  effect  of  ozone  upon  the  rubtjcr  cable  connections  generally 
tt^ed  for  instruments  has  of  recent  years  been  proved  in  so  many 
iitttances  that  it  is  idle  to  undcr-estimatc  the  importance  of  avoiding 
Mich  connections  as  far  as  possible  upon  every  extra  high-pressure 
»i»itcfaboard,  and  it  would  appear  that  standardisation  in  this  direction 
h  also  sorely  needed. 

The  practice  of  some  Continental  firms  who  arrange  instrument 
cooocctxm^  from  one  coil  of  the  alternator  at  a  pressure  amounting  to 
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Mr.  Brew,  only  a  small  but  definite  sub-multiple  of  the  working  pressure  has 
much  to  recommend  it  on  the  score  of  freedom  from  breakdown,  and 
it  may  probably  be  more  generally  followed  in  the  future  by  British 
manufacturers.  Absolute  continuity  in  electricity  supply  has  now 
become  of  such  vital  importance  in  view  of  its  numerous  applications 
that  it  is  hard  to  estimate  the  damage  occurring  commercially  to  an 
undertaking  from  any  interruption  in  its  supply. 

Coming  now  to  the  portable  alternating-current  testing  set  de- 
scribed by  the  authors  on  page  236,  this  would  appear  to  be  a  very 
desirable  instrument  for  an  alternate-current  undertaking  to  possess. 
Such  an  instrument  should  prove  of  considerable  value  in  the  testing 
of  watt-hour  meters,  reverse-current  relays,  alternate-current  motors, 
and  numerous  other  apparatus. 

The  use  of  this  instrument  for  the  measurement  of  capacities  by 
alternating  current  is  specially  interesting  in  view  of  its  being  un- 
affected by  wave-form,  leakage,  and  change  of  frequency.  There  are 
many  problems  met  by  those  engaged  upon  extra  high -pressure  supply 
which  such  an  instrument  might  help  to  elucidate.  If  an  alternator  be 
coupled  to  some  miles  of  underground  cable  we  can,  of  course,  calculate 
the  capacity  of  the  cables  from  the  charging  current  and  applied 
voltage.  It  is  well  known,  however,  that  we  generally  get  results 
which  differ  entirely  from  galvanometer  and  standard  condenser 
measurements ;  we  usually  account  for  the  difference  as  being  due  to 
the  deviation  of  the  pressure  wave  from  a  pure  sine  wave-form.  If 
now,  with  the  same  alternator  and  cable,  we  alter  the  excitation  and 
consequently  the  applied  pressure  on  the  cable,  our  results  generally 
are  still  more  inconsistent. 

The  fundamental  properties  of  the  shunt  magnet  connected  to  an 
alternating-current  circuit,  to  which  Dr.  Sumpner  called  attention 
some  time  ago,  and  has  now  so  ably  embodied  in  the  construction  of 
measuring  instruments  of  great  practical  value,  should  be  appreciated  by 
all  electrical  engineers  who  have  to  deal  with  alternate-current  supply. 

The  instruments  described  by  the  authors  of  the  present  paper  by 
eliminating  errors  due  to  hysteresis,  wave-form,  periodicity,  etc.,  un- 
doubtedly mark  considerable  progress  towards  the  simplifying  of 
alternate-current  working,  which  has  been  in  the  past  not  altogether 
free  from  uncertainties. 

It  would  appear  that  the  equivalent  of  the  principle  underlying  the 
use  of  the  shunt  magnet  as  described  by  the  authors  might  even  be 
capable  of  further  application  in  the  futiu'e  to  such  a  science  as  acous- 
tics, for  instance,  where  complicated  wave-forms  are  dealt  with. 
Mr.  Record.  Mr.  J.  W.  RECORD  :  The  strong  control  and  freedom  from  external 

influences  renders  these  meters  very  reliable  in  their  action,  and  the 
small  phase  error  which  does  exist  can  be  determined  with  accuracy 
and  relied  upon.  It  is  a  noteworthy  fact  that  the  calculated  phase 
error  of  any  particular  meter  is  about  identical  with  the  measured  value. 

The  instrument  when  used  as  a  capacity  meter  has  great  advantages 
over  other  methods  of  measuring  capacity,  as  the  leakage  current,  if  any. 
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tfaroagh  the  condenser  being  in  quadrature  with  the  capacity  current,  Mr.  Record. 
has  oo  effect  on  the  indications  of  the  pointer. 

When  measuring  small  capacities  it  is  advisable  to  tap  the  winding 
of  a  potential  transformer  so  that  high  voltage  can  be  applied  to  the 
capacity  in  scries  with  the  instrument  moving  coil,  and  a  low  voltage  to 
the  ihtini  magnet. 

Dr.  SCMPNER  in  refly:  I  have  to  thank  several  speakers  for  their  Dr. 
generous  appreciation  of  the  instruments  we  have  described,  and  am  ^"*P"*'- 
glad  that  the  paper  has  led  to  such  a  good  discussion.  I  was  first  a 
student  of  Professor  Ayrton  when  he  and  Professor  Perry  were 
developing  the  earliest  ammeters  and  voltmeters,  and  when  they  were 
the  first  to  see  and  to  utilise  the  advantages  of  using  permanent 
magnets  in  commercial  instruments.  The  remarks  of  Professor 
A>Tloa,  however  flattering,  are  naturally  pleasing  to  me.  Mr.  Ever- 
slicd's  speech  contained  many  valuable  observations.  I  shall  only 
refer  to  those  which  seem  to  call  for  a  reply.  He  criticised  some 
of  the  explanations  as  incomplete,  but  this  was  largely  intentional. 
Wc  had  no  wish  to  repeat  what  is  to  be  found  in  previous  papers. 
The  phasemeter  was  more  fully  dealt  with,  as  it  is  now  for  the  first 
time  brought  to  the  notice  of  the  Institution.  Its  explanation  on  the 
ohmmcter  principle,  represented  by  Figs.  16  and  17,  was  the  simplest 
Mr.  Record  and  I  could  think  of.  I  expected  it  to  appeal  to  a  maker  of 
ohm  meters,  but  this  seems  not  to  be  the  case.  The  clearest  theory  of 
a  pha^emeter,  and  the  ideal  kind  of  scale  for  it,  are  no  doubt  matters  of 
individual  opinion.  There  is  likewise  no  doubt  that  the  ideal  of  the 
maker  has  to  give  way  to  the  want  of  the  buyer,  whose  need  is  a 
complex  variable  and  includes  both  a  real  and  an  imaginary  part. 

Mr.  Evcrshed  has  clearly  grasped  the  importance  of  the  E.M.F. 
induced  in  the  moving-coil  circuit,  and  his  estimate  of  its  value  is  correct 
It  i>  one  of  the  extraordinary  facts  about  these  instruments  that  the  cur- 
rent doe  to  this  induced  voltage  is  often  greater  than  that  due  to  the  work- 
mg  current.  The  effect  in  question,  though  striking,  is,  after  all,  nothing 
new  in  wattmeters.  An  ordinary  instrument  taking  10  amperes  at  power 
factor  0-6  is  traversed  by  an  in-phase  current  of  6  amperes  producing 
the  true  deflection,  and  also  by  a  quadrature  current  of  8  amperes, 
which  is  supposed  to  have  no  effect  at  all.  In  the  new  instrument  the 
conditions  have  to  be,  and  can  easily  be,  made  such  that  the  induced 
current  does  not  affect  the  deflection.  Dr.  Drysdale's  contention,  that 
thev:  instruments  are  merely  forms  of  the  familiar  induction  wattmeter, 
\^  erroneous,  since  the  induction  effect  has  to  be  made  negligible  before 
the  wattmeter  can  be  accurate.  But  it  would  take  too  long  fully  to 
di%cobs  the  important  point  raised  by  Mr.  Evershed.  It  must  suffice  to 
say  that  this  matter  has  formed  the  subject  of  a  thorough  investigation, 
the  results  of  which  were  communicated  to  the  Royal  Society  in  the 
form  of  a  paper  *  in  October  last  Those  who  honour  me  by  reading 
that  paper  will  find  that  it  fully  meets  Mr.  Evershed's  queries,  and 
that  it  "quite  comes  to  grips  with  the  subject  of  the  wattmeter.*' 

*  **  AltmuUc-Current  Mcasurenient.**  Proceedtmgi  0/  Ike  Royal  SMitly,  %t>L  80,  p.  310. 
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Dr.  Professor  Wilson  pointed  out  the  two  ways  in  which  the  double 

Sumpner.  quadrature  principle  can  be  applied  to  wattmeters,  and  showed  that  the 
deflection  is  independent  of  frequency  and  wave-form  in  only  one  of 
these  cases.  H e  incidentally  refers  to  the  electrostatic  form  of  wattmeter, 
which  is  perhaps  the  only  instrument  which  can  be  used  for  the  direct 
measurement  of  power  when  supplied  at  very  high  potentials.  Certain 
obstacles  must  be  overcome  before  such  instruments  can  be  made 
both  safe  and  accurate,  and  I  know  that  Professor  Wilson  has  studied 
and  overcome  these  difficulties.  I  regret  that  he  did  not  allude  to  the 
method  he  adopts,  since  it  is  of  great  interest. 

Mr.  Edgcumbe  considers  that  the  quadrature  transformer  is  not  free 
from  magnetic  disturbances,  but  he  has  probably  overlooked  the  fact 
that  only  the  secondary  .coil  need  be  shielded.    A  stray  flux  passing 
simply  through  the. primary  does  not  affect  the  deflection  at  all.     The 
secondary  coil  is  absolutely  shielded  by  the  iron  because  it  is  placed  in 
the  air-gap,  and  is  magnetically  short-circuited  so  far  as  stray  fields  are 
concerned.     He  is  more  to  the  point  when  he  says  that  the  troubles  of 
the  iron-cored  electromagnet  have  been  removed  from  the  instrument 
only  to  reappear  in   the   transformer.      The  answer  to  this  is  that 
iron   may  be  used  for  two   purposes :   to  increase  the  sensitiveness 
or  to  shield  the  coils  from  stray  fields.     It  is  used  for  both  purposes  in 
the    shunt    electromagnet    without  giving  rise  to  error,   but  in   the 
quadrature  transformer  it  is  merely  used  for  shielding,   because  the 
instrument  is  already  highly  sensitive.    The  result  is  that  the  air-gap 
can  be  so  increased  that  the  troubles  of  the  series  magnet  disappear. 
The  iron  of  the  transformer  only  slightly  increases  the  sensitiveness  of 
the  instrument.    The  result  of  a  long  and  troublesome  investigation  on 
these  transformers  has  been  to  show  that  it  is  a  mistake  to  use  the  iron 
so  as  to  increase  the  flux  much  above  what  it  would  be  if  the  iron  were 
removed.      For  this  reason   the  form   of    wattmeter  shown  by  Dr. 
Drysdale  is  of  special  interest  to  me.     Dr.  Drysdale  states  that  he  still 
prefers  the  series  form  of  electromagnet.    On  this  point  we  must  agree 
to  differ.    The  wattmeter  he  shows  is  certainly  very  simple  to  con- 
struct.     I   notice  that   he  has  designed  the  electromagnet    like  the 
quadrature  transformer,  and  has  placed  the  magnetising  coil  in  a  similar 
position.    This  form  of  magnet  I  pointed  out  in  my  previous  paper  as 
the  best  form  to  adopt,  but  my  tests  have  shown  that  if  the  air-gap 
is  large  enough  to   reduce    sufficiently  the  hysteresis  error  there    is 
not  much  gain  in  sensitiveness  due  to  the  presence  of  the  iron. 

Mr.  Edgcumbe  objects  to  our  way  of  rating  wattmeters,  but  if 
the  rating  he  suggests  were  adopted  the  wattmeter  would  either  deflect 
off  the  scale  for  full-load  current  whenever  the  powfer  factor  exceeded 
o*5,  or  else  the  instrument  would  be  rated  for  a  current  for  which  it 
would  not  be  commercially  used. 

Mr.  Edgcumbe  thinks  we  have  overlooked  the  virtues  of  the  dyna- 
mometer wattmeter.  The  new  instrument  is  itself  of  the  dynamometer 
pattern,  because  perfectly  definite  paths  are  provided  for  the  magnetising 
and  moving-coil   currents.    The  ordinary  dynamometer  instrument. 
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however  good  it  may  be  for  alternate  currents,  is  equally  good  for  Dr. 
direct  currents.  Why,  then,  is  it  never  used  for  Wheatstone  bridges, 
potentiometers,  and  induction  tests?  How  is  it  that  the  Siemens 
dynamometer,  yrhich  at  one  time  was  employed  mainly  on  direct* 
current  circuits,  is  now  hardly  ever  used  except  with  alternate  currents  ? 
Of  course,  it  is  because  there  are  other  direct-current  instruments  much 
more  sensitive  and  satisfactory  even  than  those  of  the  dynamometer 
dass.  This  investigation  really  started  with  the  definite  and  declared 
object  of  finding,  if  possible,  instruments  for  alternate-current  circuits 
having  the  desirable  properties  of  those  of  the  permanent-magnet 
moving-coil  type.  I  consider  that  this  object  is  now  attainable  with 
the  aid  of  the  shunt  excited  electromagnet 

The  dynamometer  instrument  is  at  its  best  as  a  fixed  standard  of  the 
Kelvin  balance  type,  available  alike  for  direct  and  alternate  currents. 
It  ii  by  no  means  ideal  as  a  portable  working  standard.  It  is  true  that 
most  good  alternate-current  instruments  can  be  checked  on  direct 
current  But  such  checking  is  usually  done  with  the  aid  of  good 
portable  permanent-magnet  instruments,  and  when  similar  instruments 
are  available,  as  I  believe  is  now  the  case,  for  alternate-current  testing, 
the  need  for  direct-current  checking  disappears.  The  advantage  of 
direct-current  verification  is  not  due  to  the  fact  that  the  primary 
electrical  standards  are  all  steady  current  ones.  It  merely  arises  from 
the  accidental  circumstance  that  hitherto  the  most  convenient  and 
reliable  portable  standards  have  been  permanent  magnet  instruments 
only  available  for  direct-current  working.  It  is  no  more  a  disadvantage 
erf  these  new  instruments  that  they  can  only  be  used  with  alternate 
currents  than  it  is  a  disadvantage  of  permanent-magnet  instruments 
that  they  can  only  be  used  with  direct  currents. 

Professor  Kapp's  remarks,  I  am  gratified  to  note,  were  mainly  com- 
mendatory. As  regards  the  question  of  wattmeters  on  unbalanced 
kods,  he  correctly  supposes  that  I  was  referring  to  the  case  in  which 
a  single  wattmeter  is  expected  to  measure  the  total  power  of  an 
nnhalanccd  multiphase  circuit.  The  multiphase  instruments  he  alludes 
to  are  not  single  instruments,  but  two  or  more  instruments  put  into 
one  case,  and  arranged  to  operate  on  a  single  moving  system.  Such 
instruments,  like  the  more  complicated  commercial  forms  of  phasc- 
mcter,  arc  only  correct  on  one  assumption  which  can  never  be  quite 
tmc  in  practice.  The  multiple  instrument  really  consists  of  two  or  more 
complete  instruments,  each  of  which  .when  properly  connected  to  the 
circuit  will  act  by  itself,  and  will  have  its  own  scale.  The  assumption 
referred  to  is  that  the  true  scale  markings  are  in  exactly  the  same 
poMtion  for  each  scale.  Many  of  the  best  firms  claim,  as  a  sign  of  their 
care  in  manufacture,  that  each  instrument  they  make  is  independently 
cahbratcd.  This  is  not  only  a  sign  of  careful  manufacture,  it  is  also 
A  confession  that  even  with  the  best  firms  it  is  not  possible  to  construct 
m^tmmcnts  to  work  exactly  to  a  predetermined  scale.  But  this  power 
u  exactly  what  is  assumed  by  a  firm  issuing  a  multiple  instrument. 
I'ntU  such  perfect  construction  is  possible,  multiple  wattmeters  and 
phascmcters  cannot  be  quite  correct  on  unbalanced  3-phasc  loads. 


Sumpner. 
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Dr.  Dr.  Drysdale  regards  the  new  instrument  as  an  "old  friend,"  an 

sumpner.  induction  wattmeter  spoilt  by  additional  complexity.  I  totally  dissent 
from  such  a  view.  At  best  his  theory  amounts  to  using  the  new 
quadrature  principle  to  give  a  quite  novel  aspect  to  the  action  of  an  old 
instrument,  and  to  add  one  more  to  the  various  conflicting  theories 
of  its  working.  But  his  explanation  is  almost  wholly  assumption,  and 
would  involve  as  a  consequence  that  induction  ammeters  and  volt- 
meters could  not  work  at  all.  The  eddy-current  disc  and  the  series 
magnet  do  not  fulfil  the  conditions  necessary  for  a  quadrature  trans- 
former. The  reactive  influence  of  the  eddy  currents  on  the  magnet  is 
wholly  ignored,  and  also  the  self-induction  of  the  current  circuits. 
Nothing  is  said  of  the  eddy  currents  due  to  the  shunt  magnet.  It 
would  be  just  as  logical  to  assume  that  the  disc  forms  the  secondary  of 
the  shunt  magnet  winding,  the  eddy  currents  being  in  phase  with  the 
voltage  and  acted  on  by  the  series  magnet  flux  in  phase  with  the  line 
current.  This  view  would  make  the  induction  instrument  appear  like 
another  "  old  friend  " — the  dynamometer  wattmeter.  But  neither  of 
these  views  is  correct.  They  are  each  the  result  of  assumptions  which 
remind  one  of  the  definition  of  faith  once  given  by  a  schoolboy — the 
belief  in  that  which  we  know  to  be  untrue.  In  the  new  instrument 
each  part  has  its  definite  function  to  perform,  and  the  precision  with 
which  it  acts  can  be  accurately  verified  by  measurements  which  arc 
quite  independent  of  the  normal  action  of  the  instrument.  The 
mathematical  theory  of  the  eddy-current  instrument  has  been  as  yet 
far  too  complex  for  solution,  whereas  the  theory  of  the  new  instruments 
has  been  completely  worked  out. 

Mr.  Irwin's  resistance  method  of  compensation  is  one  of  the  two 
methods  referred  to  in  the  paper  as  having  been  investigated  and 
found  satisfactory.  The  other  method,  involving  an  extra  winding  on 
the  electromagnet  with  the  ends  of  this  winding  connected  through  a 
condenser,  is  described  *  in  one  of  the  patents  taken  out  in  connection 
with  these  instruments. 

Another  method  dependent  on  a  principle  which  I  pointed  out 
in  a  paper  on  "  Self  Induction,"  read  here  in  1887,  consists  of  simply 
shunting  a  condenser  to  the  non-inductive  resistance  placed  in  the 
moving-coil  circuit.  Either  of  these  condenser  methods  can  be  used 
to  neutralise  the  self-induction  error  for  all  commercial  frequencies, 
while  by  the  resistance  method  the  magnet  error  can  be  compensated, 
also  for  all  frequencies.  Each  method  can  be  used  for  over-compensa- 
tion, and  for  completely  neutralising  the  instrument  error  for  the 
working  frequency  of  the  circuit. 

The  resistance  method  is  very  simple  and  convenient,  and  is 
applicable  when  the  line  current  is  at  low  potential  and  not  too  great 
in  magnitude,  as,  for  instance,  when  the  instrument  currents  are  sup- 
plied through  current  transformers.  I  am  much  indebted  to  Mr.  Irwin 
for  recalling  my  attention  to  this  method,  for  although  I  had  noticed  it 

*  Patent  2416  of  1907.  For  experimental  verification  see  Proceedings  of  the  Royai 
Society,  vol.  80,  pp,  344-350- 
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before,  I  bad  not  fully  realised  its  possibilities.  In  many  cases  a  con-  Dr 
denser  metbod  is  preferable,  and  one  of  these  has  the  great  advantage  "***"*' 
thai  it  can  tic  used  not  only  for  the  quadrature  wattmeter,  but  also  for 
Dcntfalising  the  errors  due  tJ>  the  variable  properties  of  the  secondary 
drcuit  of  ordinary  current  transformers,  which  errors  in  practice  are 
Bsoally  more  serious  than  those  intrinsic  to  the  actual  wattmeter  used. 
The  error  of  the  new  instrument  is  small  and  obeys  a  precise  law. 
This  makes  exact  compensation  easy.  The  resulting  advantages  are 
dear,  for  the  instrument  can  be  made  smaller  and  more  sensitive 
without  loss  of  accuracy. 

I  am  glad  to  have  the  data  furnished  by  Dr.  Garrard  and  Mr. 
PhUlips  io  reference  to  the  torque  for  90^  deflection  for  certain 
tffcstntmcnts,  but  it  must  not  be  supposed  that  1*2  gramme-centimetres 
b  the  maximum  attainable  with  those  of  the  type  now  descril>ed. 
In  one  of  those  I  possess  the  torque  is  over  3  gramme-centimetres,  and 
this  is  by  no  means  the  limit,  especially  for  "  extra  large  "  instruments. 
Indeed,  now  that  certain  restrictions  on  the  design  are  removed  by 
the  use  of  compensating  devices,  it  is  possible  to  increase  the  torque 
to  any  reasonable  extent. 

Mr.  Russell's  remarks  raise  some  subtle  questions  about  vector 
diagnuns  and  wave-forms.  It  would  take  too  long  to  discuss  them. 
Tlicy  arc  dealt  with  in  the  Royal  Society  paper  already  referred  to. 
As  regards  the  distortion  of  the  field  due  to  eddy  currents,  if  it  is  borne 
in  mind  that  the  iron  is  well  laminated  in  planes  perpendicular  to  the 
working  conductors,  it  will  be  seen  that  no  such  effect  can  become 
appreciable.  Mr.  Russell  alludes  to  the  instrument  indicated  in  Fig.  22, 
and  suggests  an  experiment  which  would  at  present  be  too  severe  a  test 
for  a  single-phase  meter  of  any  known  make.  In  the  corresponding 
3phase  case  it  would  be  impossible  to  adjust  the  balance  of  the  load 
in  the  sense  needed  to  justify  the  assumptions  always  made  in  reference 
to  phasemeters.  As  already  pointed  out,  the  phasemeter  really  measures 
a  ratio,  and  can  only  be  calit>rated  for  power  factor  if  certain  assump- 
tions are  fulfilled.  A  phasemeter  for  3-phase  circuits,  if  really  inde- 
pendent of  the  bgUance  of  the  load  currents,  would  indicate  correctly 
if  one  of  these  load  currents  were  made  zero  by  breaking  the 
corresponding  main.  No  existing  phasemeter  would  stand  such  a 
te*»t  The  present  paper  was  written  in  Octot>er  last,  and  since  then 
the  instrument  illustrated  in  Fig.  22  has  l>een  greatly  improved  by 
introducing  fine  wire  voltage-winding  for  the  stator.  Small  con- 
densers may  thus  be  used  for  supplying  current  to  some  of  the  coils  of 
the  multiphase  electromagnet,  and,  with  the  help  of  the  other  well- 
known  means  available,  may  be  used  to  make  more  regular  the 
rotating  magnetic  field.  The  single-phase  instrument  can  be  made 
qoitc  satisfactory  for  ordinary  commercial  circuits,  though  not  such  as  to 
be  quite  correct  under  the  extraordinary  conditions  Mr.  Russell  suggests. 

Mr.  Phillips  makes  some  natural  criticisms  in  reference  to  the 
wattmeter,  but  they  are  chiefly  based  on  misconception.  The  damping 
arrangement  in  a  few  early  cases  did  give  rise  to  the  trouble  he 
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Dr.  mentions,  but  the  design  has  since  been  modifiecl  and  made  quite 

umpncr.  satisfactory.  There  is,  moreover,  no  need  for  the  vane  to  be  at  the  end 
of  the  pointer.  In  two  of  the  instruments  actually  shown  to  the 
meeting,  the  vane  and  the  damping  box  are  on  the  same  side  of  the 
axis  as  the  moving  coil.  Mr.  Phillips  regrets  the  need  and  expense  of 
the  quadrature  transformer,  but  he  forgets  that  the  current  coil  of  the 
ordinary  wattmeter  is  not  needed,  and  also  that  the  heavy  current  leads 
need  not  be  taken  up  to  the  instrument.  For  heavy  current  work  it 
is  clearly  an  advantage  to  place  the  quadrature  transformer,  like  the 
shunt  of  an  ammeter,  where  the  main  leads  naturally  lie.  F'or  small 
current  work  this  is  not  important,  but  the  transformer  can  be  placed 
in  the  instrument  case,  though  this  has  not  yet  been  done.  The  criticism 
made  of  the  arrangements  shown  in  Fig.  8  is  completely  met  by  those 
of  the  adjoining  Fig.  7  [which  is  more  fully  explained  in  Appendix  II.]. 
Mr.  Phillips  has  quite  misunderstood  the  remarks  about  frequency. 
With  every  instrument  there  is  some  limiting  voltage  which  should 
not  be  exceeded,  and  it  was  necessary  to  point  out  in  reference  to  the 
new  instruments  that  this  Umit  depends  upon  the  frequency  of  the 
current.  An  instrument  normally  excited  at  the  rated  voltage  for 
circuits  of  50  f\j  may  be  used  with  this  voltage  for  cutrents  of  any 
higher  frequency,  but  not  for  currents  of  frequencies  lower  than  25  ro. 
This  does  not  imply  any  limit  in  frequency  range,  except  that  for 
every  instrument  there  must  be  a  lower  limit  due  to  the  saturation  of 
the  iron  core.  Instruments  can  be  wound  for  frequencies  lower  than 
25  rsj  ,  and  there  is  no  practical  upper  limit  to  the  frequency  with 
which  they  may  be  used. 

With  reference  to  Dr.  Morris's  remarks,  I  ultimately  gave  up  the 
simple  theory  of  the  phasemeter  dependent  on  the  assumption  of  a  true 
rotating  field  because  this  assumption  was  not  found  accurate  enough. 
The  theory  itself  is  correct,  but  in  actual  motors  and  instruments  the 
rotating  magnetic  field  is  not  precisely  regular  in  the  mathematical 
sense  assumed.  With  regard  to  the  behaviour  with  irregular  wave- 
form, phasemeters  for  3-phase  circuits  are  quite  correct  on  all  wave- 
forms if  they  are  properly  calibrated  and  if  the  three-line  currents  are 
equal.    They  are  also  right  on  all  frequencies. 

Mr.  Coales  referred  to  the  action  of  transformers  in  conjunction 
with  wattmeters,  and  mentioned  a  test  in  which  apparently  he 
attempted  to  use  an  ordinary  current  transformer  as  one  of  the 
quadrature  type.  Such  a  test  naturally  failed  because  the  two  classes 
of  transformer  are  radically  different.  The  ratio  of  the  ampere  turns 
of  the  secondary  coil  to  those  of  the  primary  must  be  made  in  one 
case  as  near  unity  as  possible,  and  in  the  other  case  as  near  zero  as 
possible.  In  one  case  tlie  magnetic  circuit  must  be  closed,  but  core 
losses  are  unimportant.  In  the  other  case  the  magnetic  circuit  must  be 
open,  and  even  a  small  core  loss  is  serious.  It  is  unfortunate  that  watt- 
meters generally  get  the  blame  for  the  considerable  errors  which  really 
arise  through  the  current  transformers.  In  practice  it  is  often  the  case 
that  it  does  not  much  matter  whether  the  wattmeter  used  is  good  or 
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bad,  since  the  current  transformer  introduces  errors  entirely  throwing   Dr. 
into  the  shade  any  error  which  may  be  due  to  the  wattmeter  itself.  umpncr. 

Mr.  Kemp  referred  to  the  need  of  edgewise  instruments  in  cases 
where  switchboard  space  is  limited.  The  new  instruments  can  with- 
out difficolty  be  adapted  to  the  edgewise  shape  of  case,  and  also  to  the 
integrating  form  of  meter,  but  the  mechanical  details  have  not  yet 
been  worked  out.  Ordinary  current  transformers  can  be  used  with 
the  new  instruments  to  supply  current  to  the  quadrature  transformer, 
bat  this  latter  must  be  regarded  as  the  current  coil  of  the  wattmeter, 
and  as  an  e^^sential  part  of  it. 

In  reply  to  Mr.  Taylor,  the  result  of  four  years'  experience  has  been 
Mich  that  wc  cannot  recommend  the  use  of  scries  electromagnets  for 
wattmeters,  but  in  regard  to  ammeters  and  phasemeters  there  is  no 
disadvantage  in  the  use  of  such  current-controlled  electromagnets. 
The  shunt,  or  voltage  controlled,  magnet  is  specially  fitted  for  volt- 
meters and  wattmeters  since  the  field  can  be  made  very  strong  without 
caosing  error.  In  consequence  the  new  instruments  are  more  robust 
than  others  having  the  same  accuracy. 

Mr.  Brew's  remarks  about  the  commercial  importance  of  accu- 
rate roeasorements  on  alternate-current  circuits  are  very  much  to  the 
point,  and  also  those  in  reference  to  the  numerous  installations  in 
which  the  current  transformers  and  wattmeters  are  supplied  by  dif- 
ferent contractors.  Mr.  Brew  points  out  that  switchl>oard  instruments 
are  at  two  kinds.  Those  of  the  first  class,  such  as  voltmeters  and 
wattmeters,  are  needed  to  measure,  and  must  be  accurate  and  reliable. 
Those  of  the  second  class,  such  as  ammeters  and  phasemeters,  are 
cbnrfly  wanted  to  indicate  the  running  condition  of  the  plant.  The 
pba»emeter  is  an  instrument  which  can  be  made  ver>'  accurate,  but  its 
main  use  at  present  to  the  station  engineer  is  to  show  him  at  a  glance 
whether  an  alternating-current  machine  is  working  efficiently  and 
steadily.  This  function  the  phasemeter  performs  admirably,  the  more 
M>  as  tt>  indications  are  independent  of  temporary  fluctuations  in  the 
load  (as  distinct  from  phase  swinging).  It  is  the  only  instrument  at 
present  available  for  this  purpose,  but  its  usefulness  does  not  yet  seem 
foUy  realised. 

After  the  discussion  there  was  a  demonstration  illustrating  the  use 
o^  the  instruments.  At  Birmingham  there  was  also  a  demonstration 
of  the  use  of  the  oscillograph.  This  included— The  effect  of  the 
paralleling  of  alternators ;  stator  and  rotor  current  w^vcs  in  an  in- 
duction motor;  voltage  and  current  waves  of  the  primary  and 
secondary  windings  of  a  transformer;  hunting  effects  in  a  rotary 
converter,  &c  Various  methods  of  measuring  slip  were  demonstrated, 
and  tome  interesting  experiments  with  frequency  indicators  were 
Uiown. 

At  both  meetings  at  which  the  paper  was  read  a  hearty  vote  of 
thank%  was  accorded  to  the  authors. 
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Proceedings  of  the  Four  Hundred  and  Seventy-fourth 
Ordinary  General  Meeting  of  the  Institution  of 
Electrical  Engineers,  held  in  the  Rooms  of  the 
Institution  of  Civil  Engineers,  Great  George 
Street,  Westminster,  on  Thursday  evening, 
April  2,  1908 — Colonel  R.  E.  CrOxMpton,  C.B., 
President,  in  the  chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  March  19th 
were  taken  as  read,  and  confirmed. 

The  list  of  candidates  for  election  into  the  Institution  was  taken  as 
read,  and  it  was  ordered  that  it  should  be  suspended  in  the  Library. 

The  following    list    of    transfers    was  published   as  having   been 
approved  by  the  Council  : — 

TRANSFERS. 

From  the  class  of  Associate  Members  to  that  of  Members  : — 
T.  P.  E.  Butt.  I  A.  P.  Rutherford. 

George  E.  Wright. 

From  the  class  of  Associates  to  that  of  Associate  Members  : — 
P.  P.  Shilston.  I  F.  W.  Thompson. 

From  the  class  of  Students  to  that  of  Associate  Members  : — 


E.  R.  Alexander. 
Claude  R.  Barry. 
B.  G.  Drummond. 
J.  W.  Fidoe. 
W.  B.  Marr. 


W.  H.  Mayston. 
Phi  Up  H.  Morgan. 
Lewis  W.  Phillips. 
Wilfrid  S.  Taylor. 
Robert  W.  Willis. 


Messrs.  L.  T.  Healy  and  C.  K.  Falkenstein  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members,  and,  at  the 
end  of  the  meeting,  the  following  were  declared  to  have  been  duly 
elected  : — 

ELECTIONS. 


As  Associate  Members. 

Lalit  Chandra  Bose. 
Arthur  Robert  Gundry. 
Harold  Firth  Haworth,  Ph.D. 


Frank  Arthur  King. 
Gerald  Lloyd -Jones. 
William  Tolme  Maccall. 
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As  Associates, 
Frederick  Berry.  |  Albert  Enrico  Kiralfy. 

As  Students. 


John  Russell  Abbott. 
Andrew  Nivcn  Aikman. 
Alexander  Jonathan  Airston. 


Charles  Gordon  Barker. 
Robert  Frank  Blackmore. 
Sidney  Haines  Bridcut. 


Henry  Brittan. 

Donations  to  the  Library  were  announced  as  having  been  received 
Mncc  the  last  meeting  from  The  Berry  Transformer  Company,  H. 
I>icselhorst,  H.  R.  Kempe,  Messrs.  Lloyd  Wise  &  Co.,  T.  Mather,  L.  H. 
Walter,  Messrs.  J.  Wiley  &  Son  ;  to  the  Building  Fund  from  Joshua 
Shaw :  and  to  the  Benevolent  Fund  from  J.  R.  P.  Lunn,  to  whom  the 
thanks  of  the  meeting  were  duly  accorded. 

The  following  paper  was  read  and  discussed : — 
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HIGH-SPEED   ELECTRICAL   MACHINERY. 

By  Gerald  Stoney,  B.Eng.,  Member,  and 
A.  H.  Law,  B.Eng.,  Associate. 

{Paper  received  February  6,  read  in  London  on  April  2,  and  at  Newcastle 
on  April  6,  1908.) 

The  introduction  of  electrical  machinery  some  twenty-five  years 
ago  familiarised  engineers  with  comparatively  high  speeds  of  rotation, 
the  small  dynamos  of  that  date  generally  running  at  from  1,000  to  1,500 
revolutions  per  minute,  necessitating  as  a  rule  a  belt  drive  to  raise  the 
speed  from  that  of  the  engine  to  that  of  the  dynamo. 

The  first  high-speed  dynamo  made  for  direct  coupling  to  a  steam 
turbine  was,  we  believe,  designed  and  constructed  in  1884  by  the 
Hon.  C.  A.  Parsons  (Patent  14723/84).  The  chief  features  of  interest 
as  described  in  the  patent  are  those  which  relate  to  the  provisions  to 
meet  the  centrifugal  forces,  the  spiral  end  windings  of  the  drum 
armature,  and  the  construction  of  the  commutator  segments  in  short 
lengths  dovetailed  into  steel  rings  with  asbestos  insulation. 

Fig.  I  shows  the  construction  of  this  dynamo  ;  the  armature  is 
28  in.  in  external  diameter,  and  the  core,  built  of  very  thin  iron  plate, 
is  2 J  in.  diameter  and  8  in.  long.  There  are  50  conductors,  and  at 
18,000  revs,  per  minute  (the  normal  speed)  the  output  was  75  amperes 
at  100  volts,  or  10  E.H.P. 

The  surface  speed  of  about  206  ft.  per  second  of  the  armature  was 
a  great  advance  on  previous  practice,  but  still  more  unusual  was  the 
speed  of  alternation  of  magnetism  in  the  iron  of  the  armature,  which  in 
the  absence  of  any  but  external  cooling  made  it  necessary  to  reduce 
the  losses  in  the  armature  to  a  minimum. 

Internal  cooling  by  means  of  a  flow  of  oil  through  a  hole  in  the 
armature  shaft  was  tried,  but  was  in  later  plants  discarded  as  relatively 
ineffective. 

Thus  at  a  single  step  the  ordinary  speed  of  dynamos  was  increased 
from  ten  to  fifteen  times,  which  ratio  it  is  of  interest  to  note  still  fairly 
represents  the  difference  in  speed  between  reciprocating  engine  and 
steam  turbine  practice  for  given  sizes  of  electrical  generating  plants. 
Although  at  this  early  date  in  the  history  of  the  steam  turbine  it  was 
naturally  the  turbine  that  created  most  interest,  it  can  safely  be  said 
that  without  the  high-speed  dynamo — in  many  ways  quite  as  difficult 
or  even  a .  more  difficult  problem — there  would  have  been  no  steam 
turbine  as  we  know  it  to-day.  It  will  be  easily  imderstood  that  an 
entirely  new  set  of  mechanical  problems  had  to  be  faced  when  it  is 
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iiKohted  discs  at  each  end  of  the  core,  each  connected  to  opposite 
coodoctors*  an  arrangement  identical  electrically  with  the  ordinary 
dmm- winding,  t>ut  although  it  worked  very  well  the  cost  and  difficulty 
of  maaofactore  were  found  to  be  excessive,  and  it  was  decided  to  adopt 
a  Granune  armature.  Besides  this,  it  was  early  seen  that  for  a  given 
▼oltsge  a  certain  nombcr  of  commutator  segments  were  necessary,  and 
that  the  sparking  to  a  large  degree  depended  on  the  ampere-turns  in 
the  armature,  and  since  the  Gramme  armature  had  twice  as  many 
segments  as  the  drum  for  the  same  number  of  conductors  it  appeared 
that  the  result  should  be  better. 

Screral  turba^ljmamos  were  made  with  armatures  of  this  type,  the 
most  iioCiceal>le  being  some  of  400  k.w.  for  500  volts  running  at  2,200 


3     einches.. 
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Fig.  2.— Compensating  Winding  made  1885. 
Original  Drawing. 


Copy  of 


rers.  per  minute,  and  some  of  150  k.w.  for  the  same  voltage  at  3,000 
rev».  per  minute.  The  former  of  these  sets  had  two  armatures  to  each 
machine,  these  armatures  being  both  mounted  on  the  same  spindle 
with  their  conunutators  at  opposite  ends,  and  lx>th  these  and  ttie 
190-k.w.  plants  are  doing  good  work  to-day. 

At  this  time  also  was  introduced  the  construction  of  commutator 
with  steel  rings  shrunk  on  over  mica  holding  the  segmeitts  in  place 
againvt  the  centrifugal  force,  a  construction  which  has  been  universally 
adopted  tvy  all  makers  of  high -speed  dynamos.  Also,  in  some  cases, 
fan  blades  \»*ere  fitted  to  these  commutator  rings  for  the  purpose  of 
coohng  both  the  armature  and  also  the  commutator. 

The  chief  defects  of  these  armatures  were  tiiat  sparking  was  not 
reduced,  owing  to  the  large  self-induction  of  a  Gramme  winding,  and 
that  the  lieating  was  excessive  both  on  account  of  the  difficulties  o| 
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effective  ventilation  and  also  through  the  heating  of  the  spindle  due 
to  its  revolving  in  the  stationary  internal  field  of  the  armature. 

For  these  and  other  reasons  on  the  recovery  of  the  patents  in  1894 
the  drum  armature  was  reverted  to  with  considerable  improvements 
in  detail,  ventilating  ducts  being  provided  along  the  cores  to  give 
internal  cooling,  and  the  conductors  being  much  more  efficiently 
laminated.  And  here  it  may  be  said  that  in  all  these  high-speed 
armatures  the  cores  are  smooth,  or  nearly  so,  and  the  windings  exten- 
sively subdivided  to  prevent  eddy  currents.  Slotted  cores  for  high- 
speed armatures  have  been  used  with  some  success,  but  on  account 
of  the  much  higher  self-induction  of  the  windings  it  is  impossible 
to  obtain  as  good  results  as  with  the  smooth  core  type.  Slotted  core 
armatures  have  been  built  by  Messrs.  C.  A.  Parsons  &  Co.  on  several 
occasions,  but  results  were  never  obtained  which  could  in  any  way 
compare  with  those  given  by  smooth,  or  nearly  smooth,  cores. 

In  some  of  the  most  recently  built  armatures  of  large  size  the 
conductors  have  been  laid  in  slight  grooves  in  the  core.  These  grooves 
provide  a  means  of  preventing  the  conductors  from  moving,  and  the 
iron  between  the  conductors  reduces  the  reluctance  of  the  air-gap  to 
some  extent.  The  conductors  are  held  to  the  core  by  binding  wire 
made  of  steel  piano  wire,  a  material  which  long  experience  has 
shown  to  combine  the  qualities  of  reliability  and  high  tensile  strength, 
which  render  it  immensely  superior  to  such  material  as  phosphor 
bronze.  Its  magnetic  properties  are  its  one  defect,  but  careful  tests 
have  shown  that  these  are  relatively  of  minor  importance. 

A  series  of  experiments  made  about  1887  showed  that  in  small 
turbo-dynamos  of  12  to  16  k.w.,  running  at  speeds  of  from  8,000  to  9,000 
revs,  per  minute,  giving  periodicities  as  high  as  130  to  150,  the  saving 
in  power  obtained  by  using  phosphor  bronze  instead  of  steel  wire 
amounted  to  only  about  2  per  cent.,  and  a  further  series  of  experi- 
ments conducted  in  1904  on  two  150-k.w.  armatures  at  3,600  revs,  per 
minute  showed  a  saving  in  power  of  less  than  0*30  per  cent,  by  using 
phosphor  bronze  wire,  and  it  is  still  less  in  larger  armatures. 

Against  this  saving  must  be  set  the  fact  that  phosphor  bronze  has 
much  lower  tensile  strength,  and  therefore  a  larger  quantity  is 
required.  Also  bronze  wire  is  liable  to  have  occasional  soft  spots 
of  weaker  material,  which  is  a  fatal  defect,  and  it  is  a  matter  of  ex- 
perience that  steel  binding  wire,  when  properly  applied,  is  extremely 
reliable.  Further,  the  surface  construction  enables  the  insulation  of 
the  conductors  to  be  carried  out  in  a  very  complete  manner,  so  that 
there  is  no  danger  of  insulation  being  cut  locally  by  sharp  corners  or 
projections  from  the  core  plates. 

In  all  these  earlier  dynamos  the  magnets  were  of  the  ordinary  type, 
generally  horse-shoe  ;  but  even  when  the  size  was  limited  to  200  k.w, 
at  3,000  revs,  per  minute,  although  the  commutation  was  good  when 
the  brushes  were  properly  set  for  the  load,  heavy  sparking  was  ex- 
perienced on  large  variations  of  load,  sugh  as  is  met  with  in  the  case  of 
traction  plants. 
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The  first  method  of  meeting  the  difficulty  was  to  shift  the  brushes 
motomati^aUy  according  to  the  load,  this  being  effected  (sec  Parsons  and 
Sloocy's  patent  9303/00)  by  moving  the  brush  rocker  by  a  piston  con- 
trolled by  a  spring  and  actuated  by  the  steam  pressure  at  the  inlet  to 
the  turbine.  The  angular  movement  required  by  the  brush  rocker  is 
approximately  proportional  to  the  load,  and  the  pressure  at  the  inlet  to 
a  turbine  b  also  proportional  to  the  load,  so  that  it  is  easy  to  arrange 
for  the  brushes  to  be  shifted  the  right  amount.  This  arrangement, 
however,  had  the  defect  that  it  was  not  rapid  enough  to  meet  sudden 
and  large  changes  of  load,  and  under  such  circumstances  some  spark- 
ing occurred  during  the  interval  of  lag. 

In  the  year  1891  Professor  Forbes  took  out  a  patent  for  a  special 
winding  to  prevent  distortion  of  the  magnetic  field  in  homopolar 
dynamos.  The  primary  object  of  this  patent  is  stated  to  be  the 
correction  of  distortion  in  homopolar  machines,  but  the  patent  is  also 
extended  to  other  classes  of  dynamo  electric  machinery. 

In  Professor  Forbes' arrangement  the  current  passed  along  one  pole 
in  a  direction  opposite  to  the  direction  of  the  current  in  the  armature 
under  that  pole,  and  back  along  the  other  pole.  In  the  early  Parsons 
arrangement  of  1885  what  corresponds  to  a  ring  winding  was  used,  the 
active  wires  being  embedded  in  the  pole-face,  while  the  return  was 
made  at  the  back  of  the  poles,  as  shown  in  Fig.  2. 

The  Forbes  specification  definitely  states  that  the  number  of  wires 
00  the  polar  faces  is  half  the  number  on  adjacent  parts  of  the  armature, 
and  this  gives  a  number  of  ampere-turns  in  the  compensating  winding 
eqnal  to  the  ampere-turns  of  the  armature,  and  the  want  of  sufficient 
ampcre-^ums  was  the  reason  wtfy  the  arrangement  did  not  yield  the 
remarkable  results  obtained  in  later  years. 

In  1903,  after  a  series  of  experiments,  Messrs.  C.  A.  Parsons  &  Co. 
constmcted  a  3oo-k.w.  2-pole  compensated  dynamo  working  at  3,000 
revs,  per  minute  at  a  voltage  of  500,  in  which  the  ratio  of  compensating 
ampere-turns  to  armature  ampere-turns  was  as  high  as  2*4.  The 
annature  dimensions  (with  the  exception  of  the  commutator,  which 
msLs  oi  coarse  larger)  were  similar  to  the  standard  200-k.w.  plant  of  that 
date,  and  at  once  remarkable  results  were  obtained,  since  it  could  be 
kadcd  up  to  800  k.w.,  and  when  that,  and  even  greater  loads,  were 
thrown  on  and  off  with  a  circuit  breaker,  there  was  no  need  to  alter  the 
position  of  the  brushes  nor  was  there  any  excessive  sparking. 

This  type  of  compensating  winding  is  now  t>cing  exclusively  used 
by  the  above  firm,  with  modifications  of  detail  only,  on  all  their  con- 
tmoou^-currcnt  turbo-generators.  As  this  compensating  ^inding^ 
which  generally  is  chiefly  concentrated  on  the  pole-pieces,  is  made 
vttb  2  to  3i  times  the  numt>er  of  ampere-turns  that  are  on  the 
armatorc,  there  is  a  very  large  excess  sufficient  both  to  neutralise  the 
diOorting  effect  of  the  armature  windings  on  the  field  and  at  the  same 
time  to  provide  a  commutating  field  for  reversing,  without  sparking,  the 
current  in  the  coil  undergoing  commutation.  Owing  to  the  width  of 
lhi»  field  the  brushes  need  not  be  so  accurately  set,  and  there  is  con- 
Mdcrat>k  range  of  sparklers  commutation  at  all  load:*. 
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Since  this  method  of  compensating  has  no  iron  commutating  pole  it 
has  the  advantage  that  there  is  no  self-induction  to  cause  time  lag  at 
sudden  changes  of  load  ;  as  the  field  in  the  gap  between  the  |>oles  is 
entirely  in  air  it  instantly  responds  to  changes  of  current  in  the  com- 
pensating winding,  and  thus  the  sparking  often  seen  when  there  is  a 
sudden  change  of  load  with  commutating  poles  is  avoided  and  the  risk 
of  a  flash-over  largely  reduced.  Also,  since  there  is  no  iron  to  become 
saturated,  the  commutating  field  is  always  strictly  proportional  to  the 
load,  and  thus  the  trouble  due  to  saturation  causing  sparking  at  some 
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Fig.  3. — 503-k.\v.  Turbo-Generator.     Brush  Ranges. 


loads  and  not  at  others  is  avoided.  This  advantage  is  felt  still  more 
when  the  dynamo  is  required  to  give  varying  voltages  and  to  commutate 
well  at  any  of  them  without  any  adjustment  of  the  compensating 
winding  by  diverters  or  otherwise. 

The  effect  of  this  compensation  is  clearly  shown  in  the  diagrams  in 
Fig.  3.  These  curves  are  commutation  curves  taken  off  exactly  similar 
machines  with  varying  amounts  of  compensating  winding.  Each  pair 
of  curves  represents  the  limits  of  brush  movement  expressed  in  degrees, 
within  which  the  commutation  was  sparkless. 

The  two  curves  marked  A  A  were  taken  on  a  machine  (5oo-k  w.) 
with  the  compensating  winding  cut  entirely  out  of  action.  It  will  he 
seen  that  only  about  120  k.w.  could  be  carried  without  having  to  move 
the  brushes,  while  at  about  300  k,w.  the  limits  became  very  narrow, 
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and  beyond  this  no  satisfactory  commutation  position  could  be  found. 
Curves  B  B  show  the  limits  with  a  ratio  of  compensation  (that  is, 
ampere-turns  on  field  to  ampere-turns  on  armature)  of  i'6.  In  this 
case  300  k.w.  could  be  carried  without  having  to  move  the  brushes,  and 
though  the  limits  narrowed  slightly  considerable  overloads  could  be 
easily  carried  without  sparking  if  the  brushes  were  slightly  rocked 
forward.  It  may  be  of  interest  to  state  that  this  machine  was  one  of 
the  first  to  be  fitted  with  compensating  winding,  and  as  a  slight  brush 
movement  was  required  up  to  full  load  it  was  also  fitted  with  automatic 
brush-gear. 

Curves  CC  show  a  sister  machine  to  the  above-mentioned  with 
compensating  of  about  2*2  times  the  armature  ampere-turns,  and  here 
it  will  be  seen  that  there  is  no  brush  movement,  and  that  were  the 
machine  used  as  a  motor  it  would  be  quite  reversible  so  far  as 
commutation  is  concerned,  and  that  it  can  carry  safely  heavy  over-loads. 

The  advantages  of  a  compensating  winding  will  easily  be  seen  to 
be  much  more  than  those  due  to  fixed  brushes  and  better  commutation, 
since  it  has  enabled  not  only  the  number  of  segments  for  any  given 
i-oltagc  to  be  reduced  but  also  the  ampere-turns  on  a  given  diameter  of 
armature  to  t>e  increased.  This  enables  a  larger  output  to  be  obtained 
for  a  given  speed,  or  what  is  the  same  thing,  a  higher  speed  to  be 
used  for  a  given  output.  Before  compensating  was  adopted  a  500-k.w. 
at  1,800  revs,  per  minute  was  the  extreme  limit  of  size  for  that  speed, 
and  the  machine  would  not  carry  more  than  10  per  cent,  overload,  now 
we  have  made  a  500-k.w.  running  at  3,000  revs,  per  minute,  or  a 
75P-k.w.  running  at  1,800  revs,  per  minute,  carrying  25  or  30  per  cent, 
overload  without  sparking,  and  50  per  cent,  for  a  short  time  without 
injurious  sparking.  This  has  enabled  not  only  the  cost  of  the  turbine 
to  be  largely  reduced,  but  also  the  steam  consumption  to  t>e  lowered  by 
some  10  per  cent. 

It  may  here  be  mentioned  that  no  difficulty  has  t)een  experienced  in 
running  these  compensated  dynamos  in  parallel  with  one  another  or 
with  other  types,  although  in  all  cases  they  are  self-exciting,  no  separate 
cxdtcr  being  used. 

Figs.  4  and  5  show  a  i,ooo-k.w.  dynamo  for  500  volts  running  at 
i^joo  revs,  per  minute,  two  of  these  l>eing  coupled  to  a  2,000-k.w.  tur- 
bine. These  dynamos  are  for  500  to  600  volts,  and  carry  an  overload 
ol  35  per  cent  for  two  hours  without  sparking  or  undue  heating.  They 
are  4-pole,  the  armature  core  t>eing  36  in.  in  diamgter  and  23  in.  long, 
with  192  conductors.  The  commutators  have  96  segments  and  are 
18  in.  in  diameter  with  an  effective  length  of  24  in. 

Fig.  6  is  a  750-k.w.  at  1,800  revs,  per  minute  for  480  to  560  volts. 
It  is  a  2-pote,  the  core  being  27  in.  in  diameter  and  25I  in.  long,  the  com- 
mutator having  43  segments,  the  diameter  lieing  14  in.  and  the  effective 
length  33  in.,  the  number  of  conductors  being  84.  This  machine  has 
vtry  good  commutation,  an  overload  of  33  per  cent,  or  1,000  k.w.  being 
able  to  be  suddenly  thrown  on  or  off  without  any  sparking  whatever 
bcmg  viable  at  the  l>rushc^ 
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Wc  have  found  brass-wire  brushes  running  on  a  grooved  com- 
mutator  to  give  the  best  results.  The  grooving  has  the  advantage  of 
increasiDg  the  surface  of  contact,  and  of  allowing  the  brush  better  to 
follow  the  irregularities  of  the  commutator. 

The  formation  of  commutator  before  referred  to,  and  at  present  used 
by  all  manufacturers  of  high-speed  continuous-current  dynamos,  was 


Fio.  5. — 1,000-Ilw.  Turbo-Generator,  500  volts,  1,200  revs.    Cross  Section. 

first  dcMgned  in  1890  by  Mr.  Parsons,  and  has  since  been  used  with 
very  few  modifications,  and  a  brief  description  of  the  commutator  and 
the  method  of  building  it  up  may  be  of  interest. 

The  bars  are  held  in  place  against  centrifugal  force  by  massive 
»tecl  rings  shrunk  on  over  mica  bushes,  and  the  commutator  as  a 
whole  is  supported  on  cones  at  each  end.  One  of  these  cones  is  so 
arranged  tliat  it  has  a  small  amount  of  liberty  to  slide  along  the  shaft 


^I'OKtY  AKD   LAW;   HIGH-SPEED  [April  2nd, 


c 


< 


"C 


cs 


ntM^ 


mumm 


\M 


ip^ 


C 
o 


6      2^-* 
UJ 

1 


.»§ 


1 


So 

c 

3 


o 

s 

c 

o 


o 
(I 


l«ft.]  ELECTRICAL  MACHINERY.  29? 

kngitodinally,  and  thus  allow  for  the  expansion  and  contraction  of  the 
copper. 

In  boikling  the  commutator,  the  bars  with  mica  insulating  strips 
attjiched  arc  first  assembled  and  held  in  place  by  massive  clamps,  or 
bj  ooe  or  two  layers  of  steel  binding  wire  put  on  temporarily.  The 
mka  for  one  of  the  rings  is  then  built  up  by  slipping  pieces  of  leaf 
nuca  Qoder  large  rubber  bands,  and  when  a  sufficient  thickness  has 
been  obtained  the  mica  is  tied  in  place  with  string  and  the  rubber 
bands  removed.  A  steel  ring  is  then  slipped  on  at  a  red  heat,  stops 
being  arranged  to  make  it  take  up  its  proper  position.  As  it  goes  on  it 
boms  away  the  string  and  grips  the  mica  so  tightly  that  the  latter  can 
readily  be  turned  and  trimmed  back  close  to  the  ring,  and  presents  a 
VDooth  black  surface  like  a  solid  mica  sleeve.  In  a  commutator  with 
only  one  section  there  are  two  of  these  steel  rings,  one  at  each  end,  but 
in  kmg  commutators  several  are  required  to  counteract'  the  centrifugal 
force  tending  to  bend  the  commutator  bars. 

The  first  turbo-alternators  made  were  for  the  Newcastle  and  District 
Electric  Lighting  Company,  Ltd,  four  75-k.w.  sets  being  installed  in 
1889  in  their  Forth  Banks  station.  They  generated  single-phase  current 
at  1,000  volts,  and  being  2-pole  on  a  supply  at  80  ro  ran  at  4,800  revs. 
per  minute  (sec  Fig.  7).  They  were  of  the  revolving  armature  type, 
and  had  a  smooth  core  7^  in.  diameter  by  30  in.  long  with  a  single 
shuttle  winding  held  on  by  binding  wire,  the  ends  being  brought  to 
slip  rings.  External  or  surface  ventilation  was  solely  relied  upon  for 
tbe  dissipation  of  heat.  These  early  alternators  ran  quite  satisfactorily 
for  about  fifteen  years,  when  they  were  removed  to  make  room  for 
Urgcr  units. 

A  considerable  number  of  turbo -alternators  of  150  k.w.  at  4,800 
revolutions  were  made  for  the  electric  supply  stations  in  Newcastle, 
Cambridge,  Scarborough,  and  other  places,  having  cores  8J  in.  diameter 
and  32  in.  long.  As  it  was  seen,  however,  that  in  the  larger  alternators 
more  surface  for  the  dissipation  of  heat  would  have  to  be  provided 
than  that  presented  by  the  exterior  of  the  armature  alone,  a  square 
4-in.  spindle  was  employed  with  radial  ducts  and  holes  through  the 
winding  to  pass  air  for  cooling  as  shown  in  Fig.  8.  Many  of  these 
machines  which  were  made  between  189 1  and  1894  are  still  running 
and  doing  good  work. 

In  1894  tbe  first  of  a  scries  of  350-k.w.  turbo-alternators  was  made 
for  tbe  Manchester  Square  Station  of  the  Metropolitan  Electric  Supply 
Company.  These  supplied  single-phase  current  at  1,000  volts,  and  had 
4-po)e  revolving  armatures  running  at  3,000  revs,  per  minute,  giving 
100  r>ut  Their  cores  were  17I  in.  diameter  by  57  in.  long,  and  were 
provided  with  twelve  i^  in.  holes  passing  the  whole  length  of  the 
armature,  air  being  drawn  through  by  a  fan  though  no  radial  cooling 
was  provided.  The  first  few  were  surface-wound,  but  owing  chiefly 
to  the  eddy  currents  developed  in  the  conductors,  which  were  large 
and  insufficiently  laminated,  there  was  considerable  trouble  from 
Ileal mg«  and  they  were  subsequently  altered  to  a  tunnel  winding  with 
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sixty  boles  }  in.  diameter,  forty  of  which  were  filled  each  with  one 
coodnctor,  the  remaining  twenty  holes  being  empty  since  the  alter- 
nator was  single-phase.  We  may  mention  that  in  Plate  XV.  of  Professor 
Sihranos  Thompson's  "  Dynamo  Electric  Machinery,"  1896  edition,  there 
B  a  section  of  these  alternators*  This  type  of  alternator  was  very  satis- 
factory for  single-phase  work,  the  largest  made  being  of  1,000  k.w.  for 
the  city  of  Eberfeld  in  Germany.  The  armature  core  was  36  in.  in 
dtameter  by  48  in.  long,  and  the  machine  ran  at  1,500  revolutions, 
giving  4/)oo  volts  at  50  C\j, 

Two-  and  three-phase  alternators  were  also  made  on  the  same  lines 
up  to  500  k.w.  jit  500  volts,  and  even  2,000  volts,  the  most  notice- 
able of  this  type  being  the  two  1,500-k.w.  2-phase  2,000- volt  plants, 
which  were  installed  in  1904  at  the  Neepsend  Station  of  the 
Sheffield  Corporation,  and  have  run  ever  since  without  giving  any 
trooble. 

The  crossing  of  the  windings  at  the  ends,  however,  makes  the 
problem  of  a  revolving  polyphase  armature  much  more  difficult, 
especially  at  high  voltages,  though,  on  the  other  hand,  the  iron  loss, 
especially  in  2-pole  plants,  is  only  about  one-third  of  what  it  is  with  a 
revolving  field*  The  real  trouble  came  when  it  was  attempted  to 
make  a  t,5oo-k.w.  40<xj  4-pole  3 -phase  alternator,  with  a  revolving 
armature  running  at  1,200  revs,  per  minute,  and  a  voltage  of  6,000. 
It  was  found  impossible  to  insulate  sufficiently  the  end  windings  and 
at  the  same  time  to  get  rid  of  the  heat  generated,  and  as  a  result  the 
modern  type  of  revolving  field  was  adopted. 

In  revolving-field  high-speed  alternators  of  various  constructions 
there  is  comparatively  little  difference  in  the  design  of  the  stationary 
or  high-tension  element.  This  follows  low-speed  practice  fairly  closely, 
though  the  external  appearance  is  widely  different  owing  to  the  few 
pole%  small  diameters,  and  greater  length  of  the  liigh-speed  plant  It 
bas^  however,  been  found  necessary  to  introduce  a  special  system 
of  brackets  or  clamping  rings  to  hold  the  end  windings  against  the 
enormous  forces  developed  in  case  of  a  short  or  other  serious  disturb- 
ance on  a  system.  In  the  case  of  several  alternators  running  in 
parallel  these  forces  may  t>e  so  great  that  every  precaution  must 
be  taken  to  prevent  movement  of  the  coils,  and  no  make  of  turbo- 
alternators  has  been  free  from  trouble  from  this  cause,  though  in  our 
recent  designs  the  coils  are  so  stayed  as  to  be  proof  against  the  most 
severe  short  circuits,  and  the  necessity  of  thus  supporting  the  end 
windings  as  firmly  as  possible  is  now  recognised  by  practically  all 
makers  of  high-speed  alternators. 

Figs.  9  and  10  show  a.  longitudinal  and  cross-section  of  the 
4jooo-k.w.  3-phase  alternators  at  6,000  volts  installed  at  Carville 
power  station.  The  stators  arc  split  along  the  horizontal  diameter 
and  so  arranged  that  the  top  half  can  be  lifted  by  breaking  only  four 
electrical  joints.  This  construction  has  the  advantage  for  plants  of 
brgc  size  that  the  rotor  can  be  lifted  out  direct,  but  it  rather  com- 
plicates the  end  windings.    The  plant  illustrated  is  capable  of  carrying 
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6,000  k.w.  for  two  hours,  and  on  jts  official  trial  was  loaded  for  half 
an  hour  up  to  7,000  k.w. 

There  arc  under  construction  at  the  present  time  two  5,000-k.w. 
alternators  for  6,000  volts  at  750  revs,  per  minute  of  this  type  for  the 
Sydney  tramway's.    These  plants  arc  guaranteed  to  do  6,250  k.w.  con- 
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Km.  10.— 4,ooo-k.w.  3-phasc  Turbo-AItcrn.it<>r,  6,000  volls.    Cross  Section. 


tinuously,  7  500  k.w.  for  two  hours,  and  to  have  a  temperature  rise  not 
exceeding  45°  Fahr.  when  run  continuously  at  full  load. 

It  is,  however,  in  the  rotors  of  high-speed  alternators  that  the 
greatest  diversities  of  design  are  to  be  found.  A  grc^it  deal  has  been 
uud  as  to  the  relative  merits  of  salient  pole  as  compared  with  cylin- 
drical-ty(>e  rotors,  especially  as  regards  the  voltage  regulation  of  the 
alternators,  some  designers  advocating  the  former  as  strongly  as  others 
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support  the  latter,  but  it  appears  that  a  much  more  important  question 
is  whether  one  design  shows  marked  advantages  mechanically  over  the 
other.  Any  difference  there  may  be  in  the  two  types  as  regards  voltage 
regulation  is  certainly  small,  and  can  easily  be  compensated  for  at 
small  expense  by  other  features  in  the  design. 

A  large  number  of  alternators  of  the  salient-pole  type  arc  in  suc- 
cessful operation,  and  though  in  the  early  days  there  were  mechanical 
troubles  caused  by  the  coils  moving  and  chafing  the  insulation,  modern 
methods  of  construction  have  quite  done  away  with  this  source  of 
trouble. 

The  question  of  ventilation  is  of  very  great  importance  in  modern 
high-speed  plant  owing  to  the  compact  nature  of  the  machines,  which 
is  a  result  of  the  limit  placed  on  the  diameter  of  the  revolving  portions 
by  the  high  speeds  of  revolution,  and  in  consequence  it  becomes  neces- 
sary to  make  the  maximum  possible  use  of  the  space  in  the  rotor  which 
is  at  the  designer's  disposal. 

The  material  which  has  to  be  got  into  this  space  may  be  classified 
as  follows  : — 

1.  Iron  to  carry  the  required  flux. 

2.  Copper  to  carry  the  required  magnetising  current,  with  the 

necessary  insulation. 

3.  Area  to  carry  air  ventilation. 

4.  Materials  included  for  mechanical  purposes  only. 

The  correct  proportioning  of  these  various  parts  with  a  view  to  a 
maximum  of  effectiveness  and  a  minimum  of  cost,  both  for  labour  and 
material,  is  the  problem  that  the  designer  has  to  face.  The  output  of  a 
given  design  may  be  regarded  as  directly  proportional  to  the  first  of 
these,  namely  the  iron,  and  nearly  proportional  to  the  second,  the 
copper,  so  that  if  these  can  be  increased  at  the  expense  of  (3)  and  (4) 
a  valuable  saving  may  result.  This  has  been  effected  in  many  cases  by 
providing  artificial  ventilation  for  cooling  the  iron  and  copper  of  the 
stationary  element.  The  ventilation  scheme  which  some  makers  have 
adopted  is  to  provide  a  centrifugal  fan  at  each  end  of  the  rotating 
element,  or  to  make  the  rotor  itself  create  the  draught.  Thus  air  is 
driven  both  round  the  end  windings  of  the  stator  and  also  through  the 
ducts  in  the  iron  core,  and  out  through  a  chimney  at  the  top  of  the 
stator  casing.  In  other  cases  a  separately  driven  fan  is  provided, 
forcing  air  through  both  the  stator  and  rotor  of  the  alternator.  In 
both  these  methods,  or  a  combination  of  them,  the  extra  pressure 
obtained  results  in  the  passing  through  the  generators  of  large 
quantities  of  air,  which  is  often  arranged  to  be  drawn  from  outside 
the  building,  so  as  to  be  as  cold  as  possible,  thus  largely  reducing 
the  final  temperature  of  the  windings. 

Among  other  stations,  the  Carville  power  station  of  the  Newcastle- 
upon-Tyne  Electric  Supply  Company,  Ltd.,  has  a  ventilation  scheme 
with  separately  driven  fans  which  were  installed  to  enable  the 
alternators  to  carry  heavier  overloads,  although  in  the  first  instance 
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the  machines  were  run  for  some  years  with  natural  ventilation,  and 
were  well  inside  the  figures  guaranteed  for  temperature  rise. 

Messrs.  C.  A.  Parsons  &  Co.  have  constructed  2-,  4-,  and  6-pole 
rotors  of  the  salient-pole  type. 

In  the  smaller  2-pole  and  4-pole  designs  a  solid  construction 
with  the  coils  wound  in  place  is  adopted.  The  2-pole  rotor  is  thus 
very  similar  in  appearance  to  the  old  Siemens  shuttle  or  H-type 
armature,  with  which  many  of  us  must  have  been  familiar  in  the  early 
days  of  electric  lighting.  The  formation  is  excellent  mechanically, 
since  there  are  few  loose  parts,  and  the  solidity  of  the  construction 
enables  great  mechanical  strength  to  be  secured.  The  rotor  body 
is  bored  at  each  end  and  shaft  ends  of  special  high  tensile  steel  forced 
in,  and  then  the  whole  turned  up  and  accurately  balanced.  The 
balancing  is  Hone  in  three  stages  before  winding  the  coils  : — 

1.  By  ensuring  static  balance  on  a  pair  of  carefully  levelled  knife 

edges. 

2.  By  careful  measurement. 

3.  By  running  up  to  about  one-third  above  normal  speed  in 

a  specially  constructed  balancing  machine. 

The  combination  of  these  three  methods  is  essential,  since  while  the 
balance  may  be  perfect  on  the  knife  edges,  this  may  be  the  result 
of  one  end  of  the  rotor  being  heavy  at  one  side  while  the  other  end  is 
heavy  on  the  other.  In  this  case,  though  in  perfect  balance  on  the 
knife  edges,  there  will  be  present  when  running  a  powerful  couple 
travelling  round  at  the  same  speed  as  the  rotor  and  causing  vibration.  < 
Careful  measurement  will  generally  show  where  weight  should  be 
removed  or  added  to  give  both  good  static  and  dynamic  balance, 
which  is  corrected  and  improved  by  actually  running  and  fitting 
weights  as  required. 

The  rotor,  after  being  thus  balanced,  is  put  into  a  horizontal  wind- 
ing machine,  and  the  coils  wound  into  coil  cases,  which  are  made 
of  tinned  steel  and  completely  soldered  up  after  the  winding  is 
completed.  The  ends  of  the  coil  are  brought  out  through  a  brass  lip, 
M)ldcred  into  the  case,  and  fitting  tightly  round  the  connection  to  the 
next  coil  or  to  the  slip  rings,  thus  making  a  hermetically  sealed  coil, 
t'p  to  the  date  of  writing  there  has  not  been  a  single  case  among 
a  large  number  of  machines  of  a  coil  wound  on  this  system  becoming 
&u1hcd  or  giving  trouble  in  any  way. 

A  further  advantage  of  coils  thus  wound  and  protected  is  the 
permanence  of  the  balance  of  such  rotors.  Formerly  with  unprotected 
cods  the  windings  had  to  find  their  own  place  as  they  were  squeezed 
Dp  by  the  centrifugal  force,  by  the  sliding  of  the  insulation  along 
metal  surfaces  more  or  less  smooth.  Thus  the  insulation  was  sometimes 
daniaged  and  perhaps  one  or  two  coils  went  further  up  than  others, 
thus  throwing  the  rotor  out  of  balance.  On  running  again  other  coils 
would  move  slightly,  and  so  the  balancing  process  had  often  to  be 
repeated  several  limes  l>cfore  a  stable  condition  was  reached.    With 
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the  metal  cases'  the  coils  take  up  their  final  position  at  once  and  stay 
there,  and  it  is  a  common  occurrence  for  a  rotor  to  go  straight  up  to 
25  per  cent,  over  speed  the  first  time  it  is  turned  round  without  requiring 
any  further  balancing.  In  the  case  of  large  rotors  the  pole-tips  are 
made  to  slide  over  a  tee-shaped  projection  on  th€  rotor  body,  and  the 
coils  are  wound  separately  in  coil  cases  and  slipped  over  the  poles 
before  the  pole-tips  are  put  on. 

In  selecting  material  for  high-speed  work  it  is  particularly  necessary 
that  it  should  be  of  the  best,  and  it  is  most  desirable  not  to  obtain  high 
tensile  strengths  at  the  expense  of  the  ductility  of  the  material ;  it  is 
rather  tempting  to  do  this,  since  a  design  can  often  be  materially 
improved  and  cheapened  by  using  a  large  diameter  and  high  periphersil 
speed,  while  the  factors  of  safety  can  be  kept  high  on  paper  by  using 
such  material,  but  it  is  on  the  ductility  that  we  rely  for  properly  dis- 
tributing the  stresses  between  the  various  parts,  while  material  of  too 
great  hardness  may  easily  be  cracked  or  flawed  accidentally  either 
during  construction  or  afterwards. 
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Fig.  II.— Diagram  of  Connections.    Leakage  Winding. 


As  in  the  case  of  continuous-current  machinery,  one  object  is  to  get 
the  maximum  output  at  the  highest  speed  possible.  The  strengths  of 
the  materials  limit  the  diameter  and  length  of  the  rotor  and  therefore 
both  the  available  flux  and  ampere-turns.  This  again  limits  in  the 
stator  the  output  for  a  certain  inherent  regulation.  If,  however,  any 
method  of  compounding  the  alternator  to  improve  the  regulation  is 
adopted,  much  larger  outputs  can  be  obtained  from  a  given  carcase. 
Many  methods  of  doing  this  have  been  proposed,  but  most  of  them 
depend  on  either  commutating  a  portion  of  the  alternating  current  or 
causing  certain  parts  to  become  saturated  as  the  load  increases,  or  by 
varying  the  effective  resistance  of  the  winding  on  the  exciter  magnets. 
The  first  is  objectionable  on  account  of  the  trouble  given  by  commu- 
tators, the  second  since  the  compounding  will  vary  with  varying  voltage, 
and  the  third  is  generally  too  slow  to  allow  for  rapid  changes  of 
load.  A  method  of  compounding  has  recently  been  brought  out  (se* 
Parsons'  and  Law's  patents  24141/05  and  13712/07)  which  avoids  these 
difficulties. 

The  exciter  is  provided  with  an  alternative  path  for  the  magnetism  in 
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parallel  with  the  armature  which  we  call  a  "leakage  path."  This 
"  leakage  path  "  is  provided  with  a  winding,  which  is  in  series  with  the 
sUtor  winding,  and  as  the  alternating  current  in  this  rises  it  chokes  back 
the  magnetism,  or  in  other  words  increases  the  magnetic  resistance  of 
the  leakage  path.    Thus  more  flux  goes  through  the  armature  and 
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therefore  the  voltage  of  the  exciter  rises  and  compensates  for  the 
tendency  of  the  main  voltage  to  drop.  In  a  3-phase  alternator 
there  i&  generally  one  leakage  path  in  each  phase,  and  if  the  primary 
current  b  at  high  voltage,  a  current  transformer  is  generally  used. 
These  leakage  paths  are  easily  adjusted  for  any  desired  amount  of 
compounding ;  or  for  any  power  factor.  Fig.  1 1  shows  diagrammati- 
Vol.  41.  90 
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cally  this  arrangement  fitted  to  the  exciter  of  a  turbo-alternator,  and 
Fig.  12  gives  the  comparative  regulation  on  varying  load  with  and 
without  the  leakage  path  in  action. 

The  authors  have  in  this  paper  endeavoured  to  trace  out  the  progress 
of  the  high-speed  dynamo  from  its  first  inception  by  Mr.  Parsons  in 
1884,  and  to  show  the  difficulties  that  had  to  be  met  at  each  step  before 
turbo-dynamos  and  alternators  could  claim  their  present  commanding 
position.  They  have  also  tried  to  describe  briefly  some  of  the  more 
important  features  of  the  modern  types  and  to  show  the  principles  on 
wh'ch  they  have  been  constructed. 

As  regards  the  future,  it  is  hardly  possible  that  progress  will  be  quite 
as  rapid  as  it  has  been  in  the  past,  but  it  is  certain  that  still  larger  turbo- 
units  will  be  built  both  for  direct  and  for  alternating  current,  and  in 
their  design  many  problems  will  be  encountered"^  which  will  demand 
the  highest  skill  of  the  scientist  and  the  engineer. 

Discussion  in  London. 

Dr.  siivanui  Dr.  SiLVANUS  P.  THOMPSON :  When  one  looks  at  this  paper,  one 
ompaon.  ,^(jjj^,^,g  ^^  j^jjg  outset  that  it  plainly  does  not  profess  to  be  more  than  an 
account  of  the  highly  successful  doings  of  one  firm,  that  of  Messrs. 
Parsons.  And  as  the  subject  matter  of  the  paper  is  confined  to  the 
manufactures  of  this  firm  and  the  progress  that  has  characterised  those 
manufactures  from  the  beginning,  it  would  be  rather  invidious  on  the 
part  of  any  one  to  drag  in  the  products  of  other  firms  by  way  of  institu- 
ing  comparisons,  either  favourable  or  unfavourable.  If  I  proceed  to 
criticise  the  paper  in  any  detail  I  trust  that  neither  the  authors,  nor  the 
firm  that  they  represent,  will  think  that  I  do  so  in  any  spirit  of  want  of 
appreciation,  either  of  the  paper  or  of  the  years  of  patient  work  and 
advance  that  the  paper  represents.  For  really  it  is  a  remarkable 
advance.  I  have  taken  the  trouble  to  analyse  the  figures  of  a  number 
of  machines  so  far  as  they  are  given,  to  see  what  we  can  infer  as  to  the 
utilisation  of  materials,  and  they  show  a  very  remarkable  progress  in 
the  utilisation  of  copper  and  iron  in  giving  their  later  machines  a  larger 
output  in  proportion  to  the  quantity  of  material  used ;  in  other  words, 
their  recent  machines  in  proportion  to  their  output  are  smaller.  I  have 
taken  as  the  basis  of  comparison  the  coefficient  obtained  by  multiply- 
ing together  the  diameter  and  length  of  the  armature  core,  and 
dividing  that  by  the  kilowatts  of  output  giving  the  Steinmetz  coefficient 
Beginning  in  1884  with  a  small  8-k.w.  machine  (it  is  described  as  10 
electrical  horse-power),  the  coefficient  2*4  for  a  small  continuous-current 
machine  ;  in  1899  it  had  gone  down  to  2'i  for  a  60-k.w.  machine ;  and 
in  the  two  recent  examples  of  continuous-current  machines  of  750  and 
1,000  k.w.  respectively  this  coefficient  of  relative  size  had  further 
gone  down  to  0*917  and  0*828 — that  is,  to  nearly  almost  exactly  one- 
third— so  that  there  was  three  times  as  much  output  in  proportion  to  the 
size  of  armature,  as  measured  by  the  product  of  the  diameter  and 
length.     Turning  to  alternators,  it  is  even  more  striking.    The  earliest 
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machine  mentioned  is  a  75-k.w.  single-phase  machine  in  1889,  where  Dr.  si'vanus 
the  ratio  is  30 ;  a  little  later  in  a  150-k.w.  single-phase  machine  the  ^**^p^"' 
ratjo  had  gone  down  to  176  ;  in  1894,  in  a  larger  machine  of  350  k.w., 
the  ratio  was  2*8 ;  in  1894-96  (the  exact  date  is  not  given)  in  a 
machine  of  1,000  k.w.  the  ratio  had  gone  down  to  173  ;  but  in  the  most 
modem  machine  illustrated  in  Fig.  9,  the  4,000-k.w.  3-phase  machine 
at  Canrille  built,  I  believe,  about  1903,  the  figure  had  gone  down  to 
0IS4,  that  is,  a  little  more  than  one-fifth — five  times  as  much  output  in 
proportion  to  the  product  of  diameter  and  length.  A  firm  that  can  do 
that  between  the  years  1889  and  1903  has  certainly  made  a  very  re- 
markable advance.  I  note  on  page  289  a  comparison  between  the  wind- 
ing of  a  ring  armature,  a  Gramme  armature,  and  a  drum,  which  reads 
as  follows :  "  And  since  the  Gramme  armature  had  twice  as  many 
segments  as  the  drum  for  the  same  number  of  conductors  it  appeared 
that  the  result  should  be  better."  I  venture  to  think  that  if  the  argu- 
ment had  been  put  the  other  way  round  it  would  have  been  more 
cogent,  because  the  important  thing  is  not  the  number  of  conductors 
but  the  number  of  segments  at  the  commutator.  There  must  be  a 
certain  number,  otherwise  the  commutation  would  be  bad,  and  for  a 
given  number  of  segments  the  Gramme  armature  has  twice  as  many 
conductors,  because  it  has  all  the  internal  ones  as  well  as  the  external 
ones ;  and  that  will  not  diminish  the  self-induction  but  increase  it ; 
coosequently  it  ought  to  be  worse  and  not  better.  And  so  indeed  it 
appears  to  be,  for  towards  the  bottom  of  the  page  the  chief  defects  are 
recognised,  the  statement  being  made,  "  sparking  was  not  reduced 
owing  to  the  large  self-induction  of  a  Gramme  winding."  I  suppose 
we  may  take  it  that  this  little  piece  of  argument  on  page  289  relates  to 
bipkolar  machines.  I  imagine  it  does,  because  at  the  very  top  of  page  290 
there  is  a  reference  to  '*  the  heating  of  the  spindle  due  to  its  revolving 
in  a  stationary  internal  field  of  the  armature."  That  would  be  true  for 
a  bipolar  ring  armature,  but  scarcely  for  a  4-pole.  The  internal 
amount  of  field  through  the  shaft  is  negligible  in  a  multipolar 
machine.  Then  follows  an  extremely  interesting  statement  about  the 
a!»c  of  smooth-core  armatures  in  continuous-current  machines,  which 
appear  to  be  still  preferred  in  these  high-speed  machines  to  slotted 
armatures,  and  the  reason  given  appears  to  be  the  better  commutation 
that  can  be  obtained.  Is  that  the  only  reason  ?  It  seems  to  me  that 
there  must  be  another  reason,  namely,  that  with  these  very  high  surface 
speeds,  if  slotted  armatures  were  used,  with  slots  of  the  usual  sort  or 
size,  the  frequency  of  change  of  magnetism,  where  the  teeth  go  in  and 
o«it  under  the  polar  edges,  would  be  deleterious.  Eddy  currents  would 
be  set  op  in  the  pole-pieces,  and  there  would  be  a  severe  iron  loss  as 
the  result  of  having  this  very  high  frequency  change.  Surely  that  is 
one  reav>n  why  teeth  should  be  avoided  in  machines  of  this  type. 
I  understand  the  figures  in  the  diagram,  Fig.  3,  of  the  range  of  possible 
bnssh  movement  in  these  continuous-current  generators,  refer  to  bipolar 
machinesw  Is  it  not  possible  that,  with  multipolar  machines,  there 
might  have  been  a  better  range  without  any  compensation?    My 
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Dr.  Siivanus  impression  is  that  there  would  be,  even  with  the  high-speed  machines, 
ompson.  ^  ijetter  commutation  with  4-pole  machines  than  with  2-pole  machines. 
The  result  obtained  by  the  compensation  in  giving  that  broad 
zone  between  the  upper  line  marked  C  and  the  lower  line  marked 
C  is  very  remarkable  indeed ;  it  shows  that  the  brushes  may  literally 
be  fixed  and  yet  a  perfect  commutation  be  obtained.  I  comment 
for  a  moment  on  a  line  at  the  top  of  page  292,  where  it  is  claimed 
that  this  method  of  compensating,  which  has  no  iron  commutating  pole, 
has  the  advantage  that  there  is  no  self-induction  to  cause  time  lag  at 
sudden  changes  of  load.  But  it  seems  to  me  that  if  there  is  a  sudden 
change  of  load,  that  will  equally  affect  the  current  through  the  arma- 
ture and  the  current  round  the  series  winding.  It  cannot  increase  or 
decrease  in  One  at  a  greater  rate  than  it  increases  or  decreases  in  the 
other ;  and  though  either  or  both  of  them  may  have  self  •induction,  and  the 
increase  or  decrease  as  a  whole  may  be  retarded  by  self-induction,  still 
they  will  both  be  affected  equally,  and  therefore  I  cannot  sec  that  the  self- 
induction  has  anything  to  do  with  the  want  of  compensation  between 
the  twa  A  detail  that  is  new  and  interesting  to  me  is  the  arrangement 
of  the  commutator  segments  so  clamped  as  to  admit  of  longitudinal 
expansion,  mentioned  at  the  bottom  of  page  295.  One  end  of  the 
commutator  has  a  small  cone,  so  arranged  that  it  has  a  small  amount  of 
liberty  to  slide  along  the  shaft.  I  presume  there  is  some  kind  of  sjM-ing 
arrangement  to  take  up  that  expansion,  otherwise  the  end  ring  will  be 
liable  to  part  company  on  contracting  if  there  were  no  means  (appa- 
rently none  mentioned)  for  securing!a  return.  I  notice  on  looking  at  the 
fine  diagram  on  the  wall  a  slight  difference  in  construction  between  it 
and  Fig.  9.  The  pole-tips  which  slide  into  the  body  of  the  rotating 
field  magnet  extend  in  the  wall  diagram,  something  like  a  foot  on  each 
side  beyond  the  end  of  the  armature  core.  In  the  diagram  in  Fig.  9 
they  extend  very  little,  not  more  than  an  inch  or  two,  and  it  occurs  to 
me  to  ask  whether  there  is  any  importance  in  that.  Is  it  for  magnetic 
or  mechanical  reasons  that  the  poles  are  so  largely  extended  ?  At  the 
bottom  of  page  301  there  is  a  brief  discussion  of  the  relative  advantages 
of  having  the  poles  of  the  field  magnet  wound  each  one  solidly  as 
a  whole,  or  of  having,  on  the  other  hand,  a  winding  distributed  in 
several  slots ;  and  we  are  told  that  "  any  difference  there  may  be  in  the 
two  types  as  regards  voltage  regulation  is  certainly  small."  Is  that  the 
whole  of  what  we  want  to  know  ?  In  those  cases  the  winding  is 
divided  over  several  slots;  the  middle  region  of  the  pole  has  more 
ampere-turns  round  it  than  the  outlying  parts,  and  the  result  will  be 
that,  even  if  the  air-gap  is  practically  of  uniform  width  over  the  pole- 
face,  the  flux  will  be  concentrated  more  at  the  middle  of  the  face  than 
towards  the  edges,  which  is  good  because  one  desires  to  have  a 
distribution  nearly  approaching  a  sine  function  of  the  space.  That  can 
be  obtained  in  other  ways,  and  no  doubt  is  partially  obtained  by  the 
shaping  of  the  pole  and  by  the  overhanging  of  the  tips  ;  but  is  it  not 
true  that  if  the  pole  is  salient,  with  the  winding  surrounding  the  whole, 
there  is  greater  liability  to  distortion  of  the  magnetism  laterally  by  the 
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cross-magnetisation,  when  there  is  a  large  load  on,  than  if  the  winding  Dr.  suvanut 
were  concentrated  around  the  middle  portion,  so  making  deliberately  a  "****"?**''*• 
stronger  piece  of  pole  in  the  middle.  For,  even  if  the  initial  distribution 
of  the  magnetism  at  no  load  is  approximately  a  sine  function,  then  if  the 
disposition  is  such  that  distortion  by  cross-magnetisation  is  possible,  the 
carve  would  l>e  sheered  over,  and  the  electromotive  force  curve  will  no 
longer  t>e  a  true  sine  curve,  and  the  heating  in  the  armature  iron  will 
no  longer  be  a  minimum.  It  occurs  to  me  that  there  must  be  some 
a^lvantage  in  the  other  form  of  pole,  because  there  will  be  less  liability 
to  sach  distortion,  and  therefore  less  iron  heating  at  full  load.  It  may 
Bot  be  important,  and  I  only  mention  it  to  ask  whether  it  has  been 
proved  that,  from  the  point  of  view  of  the  iron  losses  at  full  load,  there 
is  not  really  a  difference  between  these  two  types.  For  the  method  of 
compounding  through  the  exciter  of  the  alternator  I  have  nothing  but 
admiration,  and  I  need  say  no  more  on  it.  I  hope  my  criticisms  may 
not  be  regarded  as  captious.  I  have  the  greatest  admiration  for  the 
work  that  has  been  done  by  Messrs.  Parsons  and,  may  I  add,  by  Mr. 
Stoney,  who  has  had  so  large  a  share  in  looking  after  the  electrical 
part  oC  the  turbine  business.  I  rejoice  to  be  Me  to  say  so,  because 
we,  as  electrical  engineers,  are  glad  of  any  advance,  from  whatever 
quarter  it  may  come.  We  are  glad  to  know  of  progress  made  whoever 
makes  that  progress ;  wc  welcome  it  if  it  comes  from  America,  or 
from  Switzerland,  or  from  Germany,  or  from  Italy,  or  from  France. 
But  when  we  have  l)efore  us  a  record  of  progress  made  in  our  own 
country  and  by  our  own  countrymen,  I  think  we  ought  not  to  be 
tiehindhand  in  expressing  our  congratulations  to  them. 

Mr.  E.  J.  Fox  :  I  am  sure  wc  must  all  again  feel,  after  reading  the  ^^  ''*'*• 
paper,  the  amount  of  work  that  Mr.  Parsons  and  those  associated  with 
him  have  had  to  do  in  the  development  not  only  of  the  turbine,  but  of 
the  necessary  electrical  generators  for  coupling  to  them.  Mr.  Parsons 
and  tiis  associates  have  developed  the  two  together,  and  the  difficulties 
they  have  had  to  face  would  probably  have  disheartened  most  people. 
Some  four  or  6vc  years  ago,  when  Messrs.  Willans  and  Robinson  first 
took  up  the  manufacture  of  steam  turbines,  they  were  in  a  difficulty 
(because  no  suitable  generators  were  available  for  coupling  to  their 
turbines.  All  those  manufacturers  who  had  already  built  machines 
of  this  type  had  their  own  fish  to  fry,  and  built  generators  for  coupling 
to  their  own  turbines.  The  result  was  that  Willans  and  Robinson 
had  to  persuade  some  of  their  electrical  friends  to  take  up  the 
manufacture  of  this  class  of  generator,  -and  the  few  remarks  and 
criticisms  I  would  like  to  make  this  evening  are  based  on  experience 
which  we  have  had  with  different  types  of  generator  built  by  different 
makers.  In  the  first  place  I  am  sorry  that  the  authors  confine  the 
description  of  direct-current  generators  to  smooth-core  machines  with 
**  corrugated  **  commutators.  I  know  that  machines  of  this  type  have 
in  the  past  done,  and  still  are  doing,  excellent  work,  but  I  think  the 
ftandard  i»  a  low  one,  and  that  more  modem  designs  should  l>e  aimed 
tX,    The  smooth-core  armature  and  the  type  of  commutator  described 
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Mr.  Fox.  in  the  paper  will,  I  am  sure,  have  to  give  way  to  the  slotted-corc  machiiic 
and  commutator  with  carbon  brushes,  if  direct-current  turbine  sets  are 
seriously  to  compete  with  reciprocating  engine  sets.  First  of  all,  as  far 
as  smooth-core  machines  are  concerned,  surely  they  cannot  be  called 
mechanical.  The  conductors,  which  must  be  laminated,  that  is  made 
up  of  small  wires,  in  order  to  avoid  eddy  currents,  have  to  be  designed 
and  driven  in  the  same  way  as  smooth-core  machines  were  driven  ten 
or  fifteen  years  ago,  namely,  by  means  of  driving  pegs.  Then,  again,  the 
conductors  require  to  be  laced  on  to  the  surface  with  steel  wire,  and 
are  liable  to  shift  and  to  disturb  the  balance  after  the  generator  has 
been  at  work  and  has  already  been  balanced.  In  short,  the  construc- 
tion is  unmechanical  compared  with  slotted-core  machines.  If  it 
were  impossible  to  obtain  a  different  type  of  machine  for  running  at 
these  high  speeds,  well  and  good.  There  is  no  disputing  that  this  type 
of  machine  often  runs  well,  and,  as  the  authors  have  told  us,  the 
commutation  is  in  many  cases  excellent,  but  what  is  the  objection  to 
the  more  mechanical  design  made  possible  with  slotted-core  machines  ? 
I  refer  more  particularly  to  the  type  of  direct-current  dynamo  that 
Willans  and  Robinson  have  to  some  extent  been  responsible  for 
introducing  into  this  country — I  am  sorry  we  have  had  to  go  abroad  for 
them — that  is,  the  type  built  by  Brown-Boveri  &  Co.  I  am  of  opinion 
that  no  direct-current  dynamo  built  elsewhere  at  the  present  time  will 
compare  with  the  type  and  design  which  Brown-Boveri  &  Co.  have 
developed.  That  type  of  dynamo  will  enable  a  turbine,  from  the  smallest 
sizes  upwards,  to  compete  with  reciprocating  engine  sets  and  at  a 
saving  in  capital  cost  to  the  purchaser,  and  what  is  the  objection 
to  that  type,  in  comparison  to  the  more  unmechanical  type  described 
by  the  authors  ?  The  authors  tell  us  that  the  objection  is  that  such 
good  commutation  is  not  obtained.  That,  however,  is  not  the  case. 
I  know  that  in  the  case  of  turbines  we  have  installed  with  the  slot- 
wound  type  of  dynamo  that  the  commutation  is  as  good  as  possible. 
In  principle  it  seems  to  differ  from  the  authors*  designs  (outside 
the  question  of  smooth  core  versus  slotted  core),  principally  in  that 
in  addition  to  the  compensating  winding  there  is  a  commutating 
pole.  It  would  seem  as  if  that  was  a  natural  sequence  of  events.  A 
commutating  pole  saves  copper  on  the  compensating  winding,  in  so  far 
as  the  air  path  is  considerably  reduced  ;  and,  further,  it  gives  a 
commutating  field  just  where  it  is  wanted,  instead  of  an  undefined 
field  unguided  and  out  of  control. 

Leaving  the  armature  and  coming  to  the  commutator,  I  am  sure 
that  the  corrugated  commutator  with  wire  brushes  is  bound  to  die  a 
natural  death  before  long.  The  only  reason  that  wire  brushes  are  used 
is,  that  if  the  commutator  itself  gets  out  of  balance  it  does  not  matter, 
or  it  does  not  matter  to  the  same  extent ;  and  it  is  known  that  the 
difficulties  of  using  carbon  brushes  by  themselves,  without  the  assist- 
ance of  metal  brushes,  is  that  commutators,  as  built  at  present,  arc 
liable  to  get  out  of  balance  when  they  warm  up.  The  continual  heal- 
ing and  cooling  throws  the  commutator  out  of  balance^  and  th^n  a 
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chattering  is  set  tip  on  the  brushes  and  commutation  is  destroyed.  So  ^i^-  ^^*- 
that  it  is  necessary,  for  the  time  being,  to  fall  back  oi>  metal  brushes 
assisted  by  carbon  tips  for  cleaning  and  for  lubricating  the  commutator. 
This  is  the  standard  practice  adopted  by  Brown-Boveri  and  others, 
and  has  the  result  of  giving  satisfactory  commutation.  I  was  looking 
at  some  drawings  a  few  days  ago  of  a  special  type  of  commutator 
with  which  Messrs.  Brown-Boveri  &  Co.  are  experimenting,  and 
which  aims  at  working  with  carbon  brushes  alone,  by  introducing  a 
commutator  which  is  free  from  the  ordinary  expansion  troubles.  If 
this  experiment  proves  satisfactory  a  great  advance  will  have  been 
achieved  in  the  direction  of  making  possible  the  use  of  carbon  brushes. 
The  whole  turbine  industry  has  been  waiting  for  a  satisfactory 
direct-current  dynamo,  and  I  am  sure  that  if  other  firms  will  follow 
what  Brown-Boveri  &  Co.  have  already  done  on  the  Continent  there 
will  be  a  large  field  for  direct-current  turbine  sets,  from  the  smallest 
size,  say  500  k.w.,  upwards,  and  that  this  type  of  prime  mover  will  have 
httle  difficulty  in  competing  against  reciprocating  engines.  Dealing 
with  the  subject  of  alternators,  the  authors  touched  on  the  salient  pole 
TtrsMS  the  cylindrical  type.  I  am  entirely  in  agreement  with  the 
authors  here.  They  have  adopted  the  salient-pole  type  of  machine, 
and  from  our  experience  with  this  type  it  leaves  little  to  be  desired. 
The  salient-pole  generator  has  perhaps  these  two  advantages  over  the 
cylindrically  wound  machine  :  first,  that  better  regulation  is  secured, 
and,  second,  that  one  can  work  with  heavier  overloads,  due  to  the 
greater  amount  of  copper  that  it  is  possible  to  carry  on  the  rotor. 
]nst  one  final  remark  on  the  subject  of  alternators.  The  authors 
advocate  compounded  alternators.  It  seems  to  me  there  have  been  a 
good  many  alternators  of  this  type  brought  out  which  have  t>een  dis- 
carded, and  I  think  the  solution  of  the  alternator  problem  is  an 
ordinary  alternator  without  any  of  the  complications  of  compounding  ; 
and  if  closer  regulation  or  closer  voltage  are  required,  then  a  Tirrell 
regulator  will  give  the  required  results. 

An  ordinary  alternator  plus  a  Tirrell  regulator  will  do  all  that  is 
roqoired,  and  is  a  good  deal  simpler  than  a  compounded  alternator. 

Mr.  W.  Parker  :  The  authors  have  dealt  with  the  historical  deve-  mj..  p^kcr 
k)pment  of  the  direct-current  turbo-generator,  and  I  should  like  to 
make  a  few  additional  remarks  from  the  point  of  view  of  the  history 
of  the  development  of  direct-current  machines  in  general.  They 
recommend  in  their  paper  metal  brushes  and  smooth  cores,  but  if  one 
goes  back  to  the  early  stages  of  the  electrical  industry  (I  refer  more 
particularly  to  that  period  when  bipoku*  machines  were  at  the  height 
of  their  popularity)  one  finds  that  metal  brushes  and  smooth  cores 
were  used  exclusively  on  direct-current  machines.  In  spite  of  the 
fact  that  these  machines  were  used  for  lighting  where  a  steady  load 
obtained,  and  that  they  ran  at  low  speeds,  the  brushes  required  a  fair 
amount  of  attention  to  keep  them  running  sparklessly.  With  the 
advent  of  traction,  however,  where  fixed  position  of  brushes  was 
demanded  with  rapidly  fluctuating  loads  and  overloads,  it  became 
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Mr.  patker.  obvious  that  metal  brushes  were  incapable,  unaided,  of  dealing  with 
the  new  conditions. 

Carbon  tips  in  advance  of  the  metal  brushes  were  tried,  to  take  up 
the  sparking.  While  this  produced  some  improvement  it  soon  became 
obvious  that  this  device  was  not  sufificiently  drastic.  Something  new 
was  absolutely  essential,  and  this  was  discovered  in  the  exclusive  use 
of  the  carbon  brush,  the  enormous  advantages  of  which  were  speedily 
realised,  not  only  by  the  manufacturer,  but  also  by  the  user.  In  such 
wise  was  the  carbon  brush  established.  The  smooth-cored  armature 
was  also  abandoned,  and  slotted  cores  took  its  place  as  carbon  brushes 
rendered  the  use  of  this  immensely  superior  form  of  construction 
possible. 

Now,  in  view  of  the  fact  that  smooth  cores  and  metal  brushes  have 
been  definitely  abandoned  in  slow-speed  machines,  it  comes  as  a 
surprise  to  me  to  find  the  authors  still  advocating  this  antiquated  con- 
struction in  a  type  of  machine  where  commutation  difficulties  are 
much  more  severe  then  in  the  slow-speed  machine,  and  where,  owing 
to  the  enormous  centrifugal  forces,  it  is  absolutely  necessary  to  con- 
struct an  armature  where  the  winding  cannot  possibly  move,  as  other- 
wise the  armature  will  rapidly  go  out  of  balance  and  vibration  will 
begin.  There  is  no  doubt  in  n\y  mind  that  the  user  will  in  the  near 
future  insist  on  slotted  armature  cores  and  carbon  brushes.  This  fact 
Messrs.  Siemens  Bros,  speedily  recognised,  and  with  the  exception  of 
the  first  one  or  two  machines  slotted  armature  cores  and  carbon  brushes 
were  used,  and  they  have  now  in  successful  operation  machines  vary- 
ing in  output  from  4C0  to  750  k.w.  where  this  combination  is  in  use. 

When  the  question  of  constructing  direct-current  turbos  with 
carbon  brushes  was  seriously  taken  in  hand,  it  was  found  that  the 
vibration  difficulties  could  be  overcome  with  a  suitable  brush  holder, 
but  that  the  real  difficulty  was  the  excessive  heating  of  the  com- 
mutator. In  order  to  overcome  this  difficulty  it  is  absolutely 
necessary  to  cool  the  commutator  artificially,  either  by  channels 
arranged  along  the  axial  length  of  the  commutator  segment  through 
which  a  stream  of  air  is  forced  by  means  of  a  fan  on  the  shaft  (which 
arrangement  is  the  one  adopted  by  Messrs.  Siemens  Bros.)  or  by 
delivering  a  stream  of  air  on  to  the  commutator  surface  by  motor- 
driven  fans  fixed  in  the  basement  with  the  other  auxiliary  machinery, 
or  in  some  other  suitable  manner.  With  the  method  of  cooling 
adopted  by  my  firm,  namely,  axial  holes  in  the  segment,  the  tempera- 
ture rise  of  the  commutator  can  be  kept  down  to  about  40°  Fahr.  with  a 
density  in  the  brushes  of  about  45  amperes  per  square  inch,  the  brushes 
used  being  those  of  Le  Carbone's  "  X  "  or  "  Z  "  qualities.  Moreover, 
the  commutator  is  no  longer  than  with  metal  brushes  owing  to  the 
larger  arc  of  contact  possible.  I  may  also  say  that  it  is  within  my 
knowledge  that  one  of  the  largest  firms  on  the  Continent  who  have 
built  more  than  one  hundred  direct-current  turbos  have  now  gone 
over  entirely  to  the  use  of  carbon  brushes.  Slotted  cores  they  hav^ 
always  used. 
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The  authors  advocate  the  ose  of  compensating  windings  only,  and  Mr.  Parker, 
they  give  as  their  reasons  that  sparking  at  the  brushes  with  sudden 
variations  of  load  often  takes  place  with  commutation  poles,  that  the 
risk  oi  flashing  over  is  largely  increased  in  consequence,  and  further, 
that  machines  with  commutating  poles  spark  at  some  loads  and  not 
at  others.  These  statements  are  absolutely  incorrect  with  a  properly 
designed  commutation  pole  system,  as  I  have  seen  many  machines 
fitted  with  commutating  poles  which  ran  absolutely  sparklcssly  from 
DO  load  to  large  overloads.  I  have  also  seen  the  full-load  current 
soddenly  removed  by  means  of  a  circuit  breaker,  and  it  was  impossible 
to  say  whether  the  load  was  on  or  not.  The  authors  also  state  that 
the  advantage  of  using  compensating  windings  only  is  still  greater 
when  machines  arc  required  to  give  varying  voltages.  This  state- 
ment also  is  incorrect,  as  many  machines  built  by  my  firm  have  been 
mn  with  fnlMoad  current  at  all  voltages,  from  zero  up  to  full  normal 
working  voltage,  without  any  sparking.  In  fact  all  direct-current 
turbos  hnilt  by  my  firm  are  tested  for  commutation  on  short  circuit 
as  this  is  much  more  convenient  for  the  test  house,  and  we  find  that, 
provided  the  machine  commutes  sparklcssly  on  short  circuit,  it  will 
also  do  so  for  any  voltage  up  to  the  normal  rated  voltage. 

There  is  one  grave  disadvantage  in  the  use  of  compensating  wind- 
ii^  only,  and  that  is  a  tendency  to  flash  over,  owing  to  the  large  excess 
of  ampere-tums  on  the  field  S3rstem  over  and  above  the  armature 
ampere-turns,  which  produces  a  distortion  of  the  magnetic  flux  prot>ably 
worse  than  if  no  compensating  winding  had  been  used.  There  is  no 
doobt  that  a  combination  of  commutation  poles  and  compensating 
winding  is  the  t>est  method  to  adopt,  as  this  is  becoming  practically 
mtivcrsal,  not  only  in  England,  but  with  all  the  leading  firms  on  the 
Continent. 

It  does  not  appear  from  the  paper  that  the  authors  have  ever  tested 
a  machine  fitted  with  a  combination  of  commutation  poles  and  com- 
pensating windings,  and  I  think  if  they  were  to  do  so  they  would 
speedily  alter  their  opinion. 

Dr.  R.  PoHL :  The  discussion  must  naturally  turn  mainly  on  the  Dr.  pohi. 
latest  construction  of  Messrs.  Parsons,  and  if  the  few  remarks  I  make 
arc  critical,  I  am  sure  the  authors  will  remember  that  they  are  merely 
intended  as  a  friendly  interchange  of  opinion.  The  main  factors  of 
Parsons'  latest  direct-current  machines  agree  very  well  with  those 
which  1  recommended  in  my  paper  "^  t>efore  this  Institution  a  few 
months  ago,  the  only  difference  being  that  the  voltage  per  segment 
is  about  50  as  against  40  volts.  The  main  features  of  Parsons'  dircct- 
corrcnt  machines  are  the  over-compensating  winding,  the  bipolar  con- 
itmction  op  to  very  large  sizes,  the  smooth  core  and  the  metal  brush, 
and  the  corrugated  commutator  construction.  Three  of  these  points 
previoos  speakers  have  already  alluded  to,  and  I  wish  to  associate 
myMlf  with  the  opinions  expressed  by  them.  I  believe  that  the  smooth 
core  will  have  to  give  way  in  a  very  short  time,  and  also  the  metal 
•  jMtntaK  tnttihittpn  of  Eltttrfcnl  En^mtn^  vol. 40,  p.  7y^  1007. 
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Dr.  Pohi.  brush  and  the  corrugated  commutator.  As  regards  the  over-com- 
pensating winding,  I  wish  to  say  that  I  quite  agree  with  the  speaker 
who  pointed  out  that  the  field  distortion  is  by  no  means  eliminated.  As 
a  matter  of  fact,  if  the  design  of  the  750-k.w.  generator  is  worked  out 
and  the  field  distortion  calculated,  it  will  be  found  that  it  is  just  about 
twice  as  great  as  the  field  distortion  would  be,  if  there  were  no  compen- 
sating winding  at  all.  I  do  not  mean  to  say  that  in  Parsons'  machines 
there  is  quantitatively  a  great  distortion.  It  is  artificially  kept  down  by 
employing  this  smooth  core  which  involves  a  very  big  air-gap.  This,  I 
believe,  is  the  real  reason  why  Mr.  Stoney  advocates  a  smooth  core.  If 
he  would  concentrate  the  greater  part  of  the  Compensating  winding  in 
the  neutral  zone,  leaving  only  so  many  ampere-turns  in  the  pole-faces  as 
are  required  to  prevent  field  distortion,  he  would  find  that  the  slotted 
core,  with  the  very  much  smaller  air-gap,  would  give  better  results,  and 
at  the  same  lime  save  a  great  amount  of  field  copper.  With  an  over- 
compensating  winding,  which  has  the  tendency  greatly  to  increase  the 
field  distortion,  he  is  compelled  to  maintain  the  present  construction  of 
large  air-gaps  and  smooth  cores.  The  second  portion  of  the  paper 
dealing  with  alternating-current  machines  is  very  interesting  reading, 
as  it  contains  one  or  two  points  which  are  distinctly  novel.  The  first 
is  the  winding  of  the  coils  in  coil  cases  and  the  hermetical  sealing  of 
the  cases.  I  should  like  to  have  had  a  more  detailed  description  of  how 
this  is  carried  out.  I  do  not  see  how  slipping  of  the  coils  inside  the 
coil  cases  is  prevented,  and  I  also^do  not  quite  realise  the  way  in  which 
the  coil  cases  themselves  are  secured.  The  second  part  of  particular 
interest  in  the  portion  of  the  pages  dealing  with  alternating  currents  is 
the  leakage  path  described  on  page  305.  I  think  Mr.  Law's  idea  is  very 
ingenious,  and  I  wish  to  congratulate  him  on  it,  but  at  the  same  time 
I  have  some  doubts  as  to  whether  it  will  work  out  in  practice  as  a  com- 
mercial success.  If  one  looks  at  the  curves  in  Fig.  12  it  will  be  seen 
that,  in  order  to  maintain  approximately  constant  voltage,  an  increase 
of  the  flux  of  about  60  per  cent,  is  necessary  with  an  inductive  load  of 
©•8  power  factor.  This  would  mean  that  the  total  excitation  must  be 
increased  in  the  ratio  of  approximately  i  to  2,  or  an  enormous  flux, 
comparatively  speaking,  must  pass  through  that  leakage  path.  There  is 
another  consideration :  Assume  the  leakage  path  is  completely  satu- 
rated, the  density  being,  say,  24,000  C.G.S.  units,  even  then  the  per- 
meability of  the  material  is  somewhere  between  30  and  40.  Assuming 
that  the  leakage  between  the  pole-tips  without  any  such  leakage  path  is 
5  per  cent.,  then  the  leakage  which  is  left,  even  at  the  highest  density, 
will  be  between  150  and  200  per  cent.  In  other  words,  it  seems  to  me 
that  the  exciter  equipped  with  such  a  leakage  path  will  have  a  field 
system  about  three  times  as  large  as  that  of  an  ordinary  exciter.  I  do 
not  know  whether  I  have  made  a  mistake  in  working  this  out,  but  it 
seems  to  me  that  that  is  about  the  case.  There  is,  further,  the  addi- 
tional expense  of  the  choking  coil  and  of  the  current  transformers,  and 
I  have  some  doubts  whether  that  expense  will  be  compensated  for  by 
the  saving  in  the  construgtion  of  thg  alternator.     However  tjiat  may 
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be;  I  ooQsider  the  idea  an  czceUeDt  one  in  principle.  Whether  we  Dr.  PuM. 
are  critical  towards  the  paper  or  not,  I  think  there  is  one  point  on  which 
we  all  ;^ree,  and  that  is  that  we  have  to  be  thankful  to  the  firm  of 
C.  A.  Parsons  &  Co.,  and  to  Mr.  Stoney  and  Mr.  Law,  for  putting 
the^  latest  types  before  us,  and  if  other  firms  would  follow  their 
example  it  would  lead  to  a  more  complete  intercourse  and  exchange 
of  opinions.  In  this  way  I  am  sure  the  manufacturers  would  not  only 
help  themselves,  but  it  would  be  a  great  benefit  to  the  electrical 
loditstry  as  a  whole. 

Mr.  Fred  H.  Clough  :  I  should  like  to  criticise  the  opinion  ex-   Mr.cioujjh. 
pressed  by  the  authors  that  the  salient-pole  type  of  alternator  is  the 
preferable  one,  more  particularly  as,  with  the  present  tendency  to  high 
speeds,  soch  rotors  have  to  be  built  for  cither  4  or  2  poles.    A  4-pole  ' 
roior  of  the  salient  type  may  be  considered  as  having  four  large  slots, 
DccessitsUing  that  the  exciting  winding  is  in  the  form  of  a  coil  of 
large  cross-section,  from  which  it  is  difiBcult  to  dissipate  the  heat,  and  * 
farther  large  bending  stresses,  due  to  the  size  of  the  slot,  occur  in  the 
oTcrbang  portions,  which  stresses  usually  limit  the  peripheral  speed  at 
mhich  the  machine  can  be  run. 

Dr.  Thompson  has  spoken  of  the  distribution  of  flux  round  the 
periphery.  With  a  definite  pole  machine  this  could  be  made  practically 
anything  that  may  be  desired. 

With  a  purely  cylindrical  rotor,  if  advantage  is  to  be  taken  of  the  space 
available  round  the  periphery  for  the  exciting  winding,  there  will  only 
be  a  small  portion  in  the  centre  of  each  pole  which  will  not  be  wound, 
and  as  a  consequence  a  peaked  wave  of  flux  distribution  will  be  formed, 
giving  a  high  density  in  the  centre  of  the  pole.  With  the  stator 
winding  distributed  in  a  large  number  of  slots,  the  higher  harmonics 
induced  in  the  individual  conductors  by  a  flux  distribution — which 
differs  considerably  from  the  sine  wave— are  practically  eliminated, 
doe  to  the  conductors  in  slots  which  do  not  occupy  the  same  position 
in  the  periphery  being  connected  in  series.  Consequently,  practically 
uy  foim  of  flux  distribution  can  be  made  use  of,  and  in  order  to 
reduce  the  tooth  losses  a  flat-topped  wave  having  practically  uniform 
density  across  the  pole-face  is  preferable. 

The  British  Thomson- Houston  Company  has  recently  made  ^me 
machines,  having  what  may  be  considered  as  a  modified  cylindrical  type 
of  rotor.  In  these  rotors  the  diameter  at  the  pole  is  rather  greater  than 
It  IS  between  poles,  and  consequently,  due  to  the  reluctance  at  the 
pole-face  being  less  than  it  is  between  poles,  a  more  uniform  distribu- 
tion of  flux  can  be  obtained  than  with  a  purely  cylindrical  rotor,  that 
is,  one  having  a  uniform  air-gap. 

Another  and  more  important  advantage  of  this  construction  is  that 
this  slightly  increased  diameter  of  the  pole-face  allows  room  for  a 
much  heavier  retaining  ring  for  the  end  windings  than  is  otherwise 
possible,  and  this  thicker  ring,  having  sufficient  stiffness,  can  be  fixed 
tu  the  end  of  the  rotor,  and  requires  no  internal  supporting  spiders. 
As  a  consequence  of  this,  the  end  winc)ings  can  be  very  readily  veqli* 
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Mr.  Qoucb.  latcd,  and  also  air  for  ventilation  can  have  ready  access  to  the  interior 
of  the  rotor.  A  speed  of  300  ft.  per  second,  which  is  considerably  higher 
than  the  machine  shown  in  Figs.  9  and  10,  has  been  obtained  with  this 
construction  with  comparatively  low  stresses,  and  due  to  the  efficient 
ventilation  the  temperature  rise  obtained  was  quite  low,  in  spite  of  the 
very  high  densities  which  were  used. 

Mr.  Walker.  Mr.  MiLEs  Walker  :  I  think  that  the  cylindrical  type  of  field 
magnet  is  better  than  the  salient-pole  type  for  the  following  reasons  : 
(i)  A  winding  distributed  in  slots  affords  more  cooling  surface  than  the 
coils  on  salient  poles.  (2)  The  teeth  constitute  a  pole  which  is  much 
shorter  than  the  usual  salient  pole,  and  consequently  the  leakage  is 
much  reduced.  (3)  There  is  a  marked  difference  in  the  characteristics 
of  the  saturation  curves  of  the  two  types  of  machine.    Fig.  I  shows 
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the  type  of  curves  obtained  with  a  cylindrical  magnet,  and  Fig.  J 
shows  the  curves  of  a  salient-pole  machine,  designed  to  have  the  same 
air-gap  and  initial  saturation.  It  will  be  seen  that  the  no-load  curve  in 
Fig.  J  bends  over  more  than  that  in  Fig.  I  in  the  upper  part.  This  effect 
is  much  more  marked  in  the  o*8  power-factor  load  curves.  A  cylindri- 
cal field  with  a  saturation  curve  like  Fig.  I  can  be  more  safely  operated 
at  10,000  volts  than  the  salient-pole  type  Fig.  J  at  9,000  volts,  and  the 
regulation  in  the  former  case  is  very  much  better.  (4)  The  winding 
space  is  better  utilised,  there  being  very  little  room  wasted  in  supports. 
(5)  It  follows  from  this  that  a  cylindrical  field  of  given  output  is  smaller 
in  diameter,  resulting  not  only  in  a  saving  in  material  but  also  in  a  gain 
in  efficiency.    (6)  A  cylindrical  field  of  large  output  can  b<j  run  at  a 
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higher  speed  resulting  in  a  saving  in  steam  consumption.    (7)  By  the   Mr.  Waiker. 
use  of  a  bar  winding  and  suitable  end  connections  as  shown  in  Fig.  K 
It  b  possible  to  make  a  winding  which  is  very  strong  mechanically  and 
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Fig.  K. 


little  liable  to  get  out  of  balance.  Such  a  winding  would  enable  60,000 
ampere-turns  to  be  put  on  a  2-pole  field  only  20  in.  diameter,  which,  at 
1  speed  of  3,000  revs,  per  minute,  would  give  an  output  of  3,000  k.w. 
(8)  Cylindrical  fields  ranging  in  output  from  500  to  4,000-k.w.  capacity 
have  been  constructed  so  as  to  embody  the  method  of  compensation 
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Mr.  Walker,  described  on  page  432  of  vol.  34  of  the  journal  of  the  Institution 
of  Electrical  Engineers.  Such  compounded  alternators  have  the 
advantage  over  other  types  which  depend  on  the  strengthening  of 
the  field  current  in  that  they  are  instantaneous  in  operation.  Full 
load  can  be  thrown  on  suddenly  without  making  lamps  in  circuit  blink. 
Moreover,  they  can  be  run  in  parallel  with  poor  regulating  machines 
without  any  complications,  and  have  the  effect  of  improving  the 
regulation  of  the  whole  station. 

Mr.  Hobart  ^f^  H.  M.  HoBART :  On  page  306  the  authors  state  that  they  have 
endeavoured  "  to  show  the  difficulties  that  had  to  be  met  at  each  step 
before  turbo-dynamos  and  alternators  could  claim  their  present  com- 
manding position."  I  agree  with  the  appropriateness  of  the  expression 
**  their  present  commanding  position  "  as  regards  alternators,  but  not  as 
regards  continuous-current  turbo-generators.  While  alternators  for 
turbo-driving  have  been  a  magnificent  success,  continuous-current 
turbo-generators  have  been,  and  still  are,  a  dismal  failure.  We  have 
heard  the  opinions  of  three  leading  manufacturers  of  continuous- 
current  turbo-dynamos,  and  they  are  not  in  accord  even  as  to  the 
type  of  brush.  One  swears  by  the  copper  brush  without  any  modifica- 
tion ;  the  other  swears  by  the  carbon  brush  without  any  copper ;  and 
the  third  employs  a  carbon  tip  and  copper  main  brush.  It  is  very  far 
from  finality,  it  seems  to  me.  There  are  reasons  for  this  circumstance. 
We  can  overcome  the  reactance  voltage  and  armature  interference  by 
compensating  windings  and  by  interpoles,  and  both  of  these  methods 
are  fairly  satisfactory,  but  they  do  not  affect  the  peripheral  speed,  and 
that  is  the  cause  of  the  chief  remaining  troubles.  These  are  mechanical 
troubles,  namely,  to  find  a  brush  that  will  work  smoothly  with  p>eri- 
pheral  speeds  of  30  to  40  metres  per  second.  It  seems  to  me  that  the 
reason  we  have  not  yet  attained  any  suitable  degree  of  success  with  large 
continuous-current  turbo-dynamos  is  that  we  are  going  contrary  to  funda- 
mental laws.  The  reason  we  have  attained  such  great  success  with  large 
high-speed  alternators  is  that  we  are  working  in  accord  with  fundamental 
laws.  All  who  have  done  any  considerable  amount  of  designing,  know 
that  the  properties  of  alternators  come  out  better  the  higher  the 
running  speed  for  which  we  design  them.  This  can,  of  course,  be 
overdone,  and  is  a  little  overdone,  with  turbo-driven  alternators.  I 
would  like  to  see  the  speed  dropped  a  little,  even  at  the  expense  of 
steam  economy.  The  reverse  is  the  case  with  continuous-current 
dynamos  :  the  slower  the  speed  the  better  will  be  the  properties  of  the 
continuous-current  dynamo.  Why  not  be  satisfied  witli  that,  and  have 
a  good  continuous-current  dynamo  at  low  speed ;  or,  if  one  does  not 
want  to  go  too  low,  why  not  employ  good  medium-speed  engines  ? 
There  is  another  reason  for  doing  so,  and  that  is  that  the  turbine 
does  not  show  up  favourably  in  comparison  with  the  reciprocating 
engine,  so  far  as  relates  to  steam  consumption,  on  machines  of  less 
than  some  2,ooo-k.w.  rated  output.  It  happens  that  we  rarely  require 
continuous-current  generators  in  sizes  above  i,ooo  k.w.  Where  the 
turbine  is  far  better  than  the  piston  engine,  it  is  in  very  large  sizes 
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indeed.  There  arc  now  being  built  io,ooo-k.w.  alternators,  driven  by  Mr.  Hobart. 
steam  turbines,  and  they  will  show  far  greater  economy  than  can  be 
obtaioed  by  piston  engine  driven  sets.  In  fact,  that  would  not  be  a 
ffxd  sice  of  piston  engine  to  employ  in  any  case  ;  therefore  the 
alternator  and  the  turbine  work  in  splendidly  together.  When  we 
cone  to  little  sets  such  as  we  should  want  for  continuous-current 
dyoamosv  I  consider  that  we  should  employ  piston  engines  up  to  2,000 
k.w^  since  we  cannot  build  good  turbo-dynamos  for  much  more  than 
1,000  k.w.  for  pressures  of  500  volts.  The  present  limit  for  250-volt 
tartxMijmainos  is  more  of  the  order  of  500,  or  possibly  75o-k.w.  rated 
capacttj.  In  the  most  interesting  paper  before  us  we  find  no  mention 
ci  any  dynamo  of  any  such  size  as  500  to  1,000  k.w.  for  less  than  some 
5cx>  Tolts,  and  I  doubt  whether  many  firms  are  turning  out  satisfactory 
250-volt  dynamos  of  more  than  500-k.w.  rated  capacity.  The  best  plan 
b  to  take  medium-speed  engines  for  driving  continuous-current 
dynamos  and  to  employ  turbines  for  driving  large  alternators. 

Mr.  R.  LiviKGSTOKB  (communicated) :  The  authors  of  jthis  paper 
have  been  so  closely  identified  with  the  development  of  high-speed 
nacfainery  that  the  history  of  this  development,  as  sketched  in  the 
paper,  is  of  considerable  interest,  and  the  opinions  expressed  of  the 
greatest  valoe.  Near  the  beginning  of  the  paper  it  is  mentioned  that 
high  carbon  steel  was  used  for  the  very  early  machines,  and  the  reason 
gi^^n  for  its  use  is  its  great  strength.  Very  often  the  high  tensile 
strength  obtained  from  the  use  of  a  high  percentage  of  carbon  involves 
A  sacrifice  of  ductility,  and  this  sacrifice  of  ductility  in  a  shaft  under- 
going many  hundreds  of  reversals  of  stress  per  minute  is  a  very  serious 
matter.  A  high  carbon  steel  with  a  large  elongation  and  reduction  of 
vea  is  certainly  the  l>est  class  of  steel  to  use,  but  a  high  carbon  steel 
with  a  poor  elongation  and  reduction  of  area  is  to  be  avoided.  A  more 
important  item  in  the  chemical  composition  is  the  percentage  of 
pbospboms.  This  is  a  most  objectionable  element  in  the  steel  used 
for  high-speed  generator  shafts,  and  should  be  kept  below  005  per  cent. 
The  physical  properties  which  I  specify  for  high-speed  turlx>-alternator 
shafts  arc  as  follows  : — 


Mr. 
Livingstone. 


Ultimate  strength  78,000-^4,000  lbs.  per  square  inch. 

Elastic  limit      ...  44.000-50,000    „  „  „ 

Ekmgition        ...  39  per  cent  to  35  per  cent.  )  in  a  test-piece,  2  in.  long 


Reduction  of  area  55 


60 


by  0*798  diameter. 


No  di£Bculty  has  been  found  in  obtaining  the  above  figures,  although 
the  reduction  of  area  may  be  considered  rather  high. 

The  most  important  factor  in  determining  the  diameter  of  the 
shaft,  however,  is  the  allowable  deflection  of  the  rotor.  Care  should 
Abo  be  taken  that  the  whirling  speed  of  the  shaft  is  not  too  close  to  the 
normal  running  speed.  The  stress  to  which  the  shaft  is  subjected 
depends  to  a  large  extent  on  the  deflection,  so  that  the  modulus  of 
tbstidty  is  also  an  important  item. 
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Mr.  The  shrink-ring  type  of  commutator  is  midoubtedly  the  best  con- 

Dgstone.  jj^ucjiQii  which  has  been  introduced  so  far  for  high  speeds.  An 
important  point  in  designing  this  type  of  commutator  is  the  longi- 
tudinal expansion  of  the  copper.  A  good  way  to  take  care  of  this  is 
to  connect  the  two  centering  rings  by  light  turned -down  bolts.  These 
bolts  stretch  when  the  commutator  expands  and  act  as  a  strong  spring.* 
This  construction,  however,  is  only  possible  in  commutators  for  large 
machines. 

The  smooth  core  drum  armature  is  undoubtedly  good  from  the 
point  of  view  of  commutation,  but  it  does  not  appear  to  be  so  satis- 
factory a  mechanical  construction  as  the  slotted  armature.  I  should 
like  to  ask  the  authors  if  any  serious  movement  of  the  winding  takes 
place  in  the  smooth  core  armatures  when  the  machine  is  short-circuited. 
This  would  appear  to  be  the  only  thing  to  fear  with  this  construction. 
Steel  binding  wire  is  the  best  wire  to  use  for  high-speed  armatures,  but 
I  do  not  think  the  increase  of  strength  is  so  great  as  is  popularly 
supposed. 

The  initial  stress  in  the  wire  due  to  bending  when  wound  on 
an  armature  is  much  higher  in  the  case  of  steel  wire  than  it  is  in  the 
case  of  phosphor-bronze  wire,  so  that  although  the  steel  wire  is  double 
the  strength  of  the  phosphor  bronze,  yet  we  cannot  use  half  the  number 
of  turns  if  we  wish  to  keep  the  same  factor  of  safety.  This  is  par- 
ticularly the  case  with  large  wires  wound  on  a  small  diameter  of 
armature.  For  example,  assume  that  we  have  a  30-in.  armature  and 
that  we  wish  to  use  0'049-in.  diameter  wire  with  a  factor  of  safety  of  3. 
Then  with  steel  wire  we  have  a  bending  stress  of  41,000  lbs.  per  square 
inch  and  with  phosphor-bronze  wire  a  bending  stress  of  18,200  lbs.  per 
square  inch.  With  an  ultimate  tensile  stress  of  250,000  lbs.  for  steel 
wire  and  120,000  lbs.  for  bronze  wire  we  have  then  an  allowable 
tension  stress  of  42,000  lbs.  per  square  inch  for  steel  and  22,000  for 
phosphor  bronze  ;  so  that  in  this  case  the  steel  wire  has  1*9  times  the 
strength  of  the  bronze.  With  0*07^  diameter  wire,  on  the  same  arma- 
ture and  using  the  same  factor  of  safety,  we  find  an  allowable  tensile 
stress  of  23,300  lbs.  per  square  inch  for  steel  and  13,000  for  bronze,  so 
that  in  this  case  the  steel  wire  has  only  178  times  the  tensile  strength 
when  wound  on  the  armature.  The  factors  of  safety  I  have  taken  may 
appear  low  in  comparison  with  the  usual  factors  of  safety  but  it  must 
be  remembered  that  this  is  a  nw/  factor  of  safety,  when  one  takes 
account  of  both  bending  and  tension  stresses.  Again,  it  is  a  matter 
of  experience  that  in  the  majority  of  cases  of  failure  of  binding  wire, 
it  is  the  soldering  between  the  turns  which  usually  gives  way,  and,  of 
course,  in  this  case  the  tensile  strength  of  the  wire  does  not  matter. 
The  shearing  stress  on  the  solder  must  be  kept  exceedingly  low,  and  in 
some  cases  will  limit  the  reduction  of  the  number  of  turns  when 
changing  from  bronze  to  steel  wire. 

Compensated  windings  appear  to  be  the  best  way  to  counteract  the 
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effects  of  the  armature  ampere-turns,  but  the  ratio  of  the  turns  should 
depend  to  some  extent  on  the  tooth  and  gap  densities,  on  the  ratio  of 
armature  to  field  ampere- turns,  and  on  the  reactance  voltage.  It 
would  be  interesting  iif  the  authors  could  give  these  values  and  ratios 
in  the  case  where  it  was  found  that  a  compensated  winding,  having 
r4  times  the  armature  ampere-turns,  was  necessary.  In  the  rotor 
constroction  shown  in  Fig.  lo  bolts  are  used  for  attaching  the 
6ckl-coil  supports  to  the  rotor  body.  This  seems  to  be  a  weak 
point  in  that  construction  and  will  necessitate  very  careful  tapping  of 
the  holes.  If  one  of  the  holes  is  tapped  a  little  bit  out,  then  on  tighten- 
ing ap  the  bolt  a  very  serious  bending  stress  may  be  put  on  it.  The 
reduction  of  diameter  due  to  the  threading  is  known  to  weaken  a  bolt 
considerably  when  there  is  a  bending  stress  being  imposed  on  it.    A 


Mr. 

Livingstone. 


Fig.  L. 


form  of  construction  which  overcomes  this  defect  is  one  which  I 
introduced  in  Messrs.  Dick,  Kerr  &  Co.'s  machines  and  which  is 
«bown  in  the  figure  (L). 

In  this  construction  the  coil  support  can  rock  on  the  pivot  (B),  and  so 
accommodate  itself  to  variations  in  the  field  coil  instead  of  imposing 
a  bending  strain  at  the  neck  of  the  support. 

The  method  of  ventilating  the  rotor  by  having  fans  at  each  end 
adjacent  to  and  revolving  with  the  rotor  is  of  little  use  in  the  salient- 
pole  type.  In  fact,  I  know  of  one  case  where  the  ventilation  was  very 
considerably  reduced  by  putting  fans  in  this  position. 

The  rotor  itself  is  a  powerful  fan,  and  unless  the  auxiliary  fans  are 
of  as  great  a  capacity  they  only  obstruct  the  air-passage.  The  simplest 
and  the  best  way  is  to  instal  a  separately  driven  auxiliary  fan,  the  air 
from  which  is  led  into  the  end  shields  of  the  alternator,  and  which 
work<«  in  parallel  with  the  rotor  acting  as  a  fan. 

Vol.  41.  21 
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Discussion  at  Newcastle-upon-Tyne,  April  6,  1908. 

Mr.  Holmes.  Mr.  J.  H.  HoLMES:  I  think  that  with  reference  to  Mr.  Parsons' 
patent  in  1884  hardly  sufficient  justice  has  been  done  to  this  gentleman, 
as  this  was  the  first  indication  of  the  barrel  winding  which  has  since 
come  into  such  prominent  use.  With  regard  to  the  experiment  in  1885 
on  compensating  winding,  I  do  not  altogether  agree  with  the  paper 
that  the  fault  was  entirely  due  to  insufficient  ampere-turns.    I  think  it 


Fig.  M. 

may  also  have  been  due  to  ineffective  design.  In  1889  I  was 
personally  looking  into  this  problem,  and  constructed  a  machine 
which  was  fitted  with  a  compensating  winding  and  gave  perfectly 
satisfactory  results.  In  order  to  neutralise  the  cross-exciting  tendency 
of  the  vertical  band  of  armature  conductors,  I  placed  a  slot  in  the  pole- 
faces  and  filled  it  with  ampere-turns,  giving  an  equal  and  opposite 
cross-flux.  As  it  was  mechanically  difficult  to  make  a  single  coil  of 
this  winding  vertically,  I  placed  coils  on  the  side  of  the  limbs,  as  shown 
in  diagram  Fig.  M,  and  found  I  had  not  only  got  a  neutralising  effect 
of  cross-turns,  but  could  so  shift  the  flux  lines  through  each  pole-face 
that  it  was  automatically  strengthened  and  weakened  under  the  leading 
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and  lagging  pole-tip  precisely  in  the  way  that  was  necessary  to  gain  Mr.  Holmes. 
good  sparkless  commutation.    If  some  such  principle  had  been  applied 
instead  of  the  arrangement  shown  in  Fig.  2,  perhaps  the  result  would 
have  been  better. 

With  reference  to  brass-wire  brushes,  this  point  is  interesting,  as 
lately  carlx)n  l>rushes  have  been  used,  and  also  I  think  the  Westing- 
boose  Company  have  been  placing  brushes  sideways  so  as  to  avoid 
jumping.  The  .Morganite  Company  have  also  introduced  a  pneumatic 
brush-holder  which  I  have  heard  is  satisfactory.  The  paper  mentions 
tbe  balancing  of  armatures  on  knife  edges,  and  I  have  recently  been  at 
one  works  where,  instead  of  the  knife  edge,  there  was  a  surface  6  in. 
wide,  carefully  planed  up  and  kept  level,  the  idea  being  that  in  the 
knife  edge  the  surface  of  contact  is  so  small  that  the  weight  of  the 
heavy  armature  would  cause  the  metal  to  sink  in  and  thus  prevent 
the  armature  from  rolling  well. 

Mr.  Turn  BULL :  What  is  the  cfifect  of  the  magnetic  shunt  on  the  Mr^ 
commutation  of  the  exciter  ? 

Mr.  David80.\  :  It  is  important  to  arrange  the  exciter  and  leakage  M' .j^ 
path  so  that  when  no  current  is  passing  round'  the  leakage  windings, 
tbe  two  limbs  are  saturated,  as  the  action  of  the  leakage  path  depends 
upon  this. 

In  Messrs.  Parsons'  usual  type  of  exciter,  having  a  simple  surface- 
wound  Gramme  armature,  the  air-gap  varies  from  i  in.  to  |  in.,  and 
under  these  conditions  an  induction  of  about  19,000  lines  per  sq.  cm. 
can  be  obtained  in  the  limbs  of  the  leakage  paths.  The  windings  on 
tbe  leakage  paths  are  arranged  as  if  they  were  wound  continuously 
round  a  ring. 

When  an  alternating  current  is  passed  through  the  wmdings  shown 
in  Fig.  II,  the  flux  in  one  limb  at  any  moment — for  instance,  take  the 
opper  limb^is  reduced  to  zero  if  the  ampere-turns  are  sufficient. 
At  the  same  time  the  induction  in  the  lower  limb  is  not  seriously 
increased ;  it  may  rise  to  20,000  or  a  little  more,  so  that  alx)ut  one- 
half  of  the  original  leakage  has  been  destroyed  by  the  alternating 
current  The  exciter  magnets  l>eing  relieved  of  this  leakage  flux,  the 
shitnt  coils  are  able  to  send  a  greater  flux  through  the  armature,  and 
the  voltage  of  the  exciter  consequently  rises.  In  the  case  of  the  first 
alternator  fitted  with  leakage  paths,  the  exciter  voltage  rise,  on  putting 
on  full  load  on  the  main  dynamo,  was  about  15  per  cent.,  but  in  later 
machines  we  have  been  able  to  get  a  rise  of  60  per  cent.  This,  of 
coanCf  means  that,  within  limits,  an  alternator  can  be  designed  for 
comparatively  bad  inherent  regulation,  as  tbe  leakage  paths  can  be 
arranged  to'  compound  to  any  desired  extent 

It  will  be  seen  from  Fig.  11  that,  with  the  leakage  paths  removed, 
nothing  like  full  inductive  load  could  be  put  on  the  alternator  when 
the  rheostats  were  untouched.  With  the  leakage  paths  working  the 
voltage  kept  up  very  well  Just  recently  still  better  results  than  those 
ghren  have  been  obtained. 

These  leakage  paths  have  been  fitted  to  about  a  dozen  alternators 
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SO  far,  ranging  from  200  k.w.  to  750  k.w.,  and  all  the  machines  are 
working  very  satisfactorily  on  their  station  loads. 

The  presence  of  the  leakage  paths  has  been  found  to  have  no  efiFect 
whatever  on  the  commutation  of  the  exciter. 

An  interesting  experiment  was  made  on  a  500-k.w.  alternator.  An 
incandescent  lamp  was  arranged  across  the  terminals,  and  placed  in  a 
dark  room.  Whfen  full  load  was  thrown  ofiE  and  on  the  machine,  the 
leakage  paths  were  so  rapid  in  their  action  as  to  be  practically 
instantaneous  in  their  effects,  and  no  flicker  could  be  observed  in 
the  lamp. 

There  would  appear  from  the  figure  to  be  a  great  scope  for  the 
use  of  leakage  paths,  and  I  think  Messrs.  Parsons  may  be  con- 
gratulated for  having  devised  so  simple  and  effective  a  method  of 
compounding  alternators. 

Mr.  R.  M.  Longman  :  I  should  like  to  hear  Mr.  Stoney's  opinion 
of  the  Morganite  Company's  pneumatic  brush-gear,  now  fitted  to  one 
or  two  turbo-dynamos,  and  also  his  views  on  the  radial  brushes  lately 
used  by  the  Westinghouse  Company,  and  whether  any  trouble  was 
experienced  on  this  type  of  commutator  due  to  end  play  of  the 
generator  ? 

Referring  to  the  compensating  device,  does  the  extfa  magnetic 
leakage  path  across  the  top  side  of  the  exciter  poles  affect  the 
commutation  ? 

I  should  be  glad  if  the  authors  would  give  an  explanation  of  the 
currents  in  the  shaft  and  bearings  of  alternators,  and  the  consequent 
need  of  carefully  insulating  one  bearing  pedestal  The  two  alternators 
for  the  Sydney  Tramways  are  called  5,000-k.w.  machines ;  they  are 
guaranteed  to  do  6,250  k.w.  continuously  and  7,500  k.w.  for  two  hours. 
What  is  their  correct  rating  ? 

Mr.  R.  H.  Barbour  :  I  should  like  to  have  one  or  two  electrical 
and  mechanical  details  of  construction  cleared  up.  I  should  like  to 
know  whether  the  steel  rings  are  sufficient  for  keeping  the  com- 
mutators quite  true?  I  should  like  to  have  details  of  the  wear  of 
brass  or  copper  brushes  and  of  the  commutators.  The  shaft  shown  in 
the  latest  machine  illustrated  is  discontinuous.  Is  it  not  difficult  with 
such  shafts  to  make  the  machine  run  true  ? 

Mr.  F.  O.  Hunt  :  With  reference  to  the  use  of  steel  for  binding 
wire,  has  manganese  steel,  having  non-magnetic  properties,  ever 
been  tried?  I  should  also  like  to  know  why  there  should  be  an 
anticipation  of  difficulty  in  running  self-excited  compensated  dynamos 
in  parallel  ? 

Mr.  G.  Stoney  and  Mr.  A.  H.  Law  (in  reply) :— The  reniarks  of  Dr. 
Silvanus  Thompson  on  the  utilisation  of  materials  in  modern  designs 
are  interesting  as  showing  the  improvements  that  have  been  effected. 
At  the  same  time,  of  course,  owing  to  the  larger  outputs  of  modern 
plants,  one  would  expect  the  size  constants  to  be  a  good  deal  less.  As 
a  matter  of  interest,  on  recently  going  into  the  design  of  the  first 
Parsons'  turbo-generator  constructed,  and  illustrated  in  Fig.  i,  we 


1908.]  ELECTRICAL  MACHINERY:  DISCUSSION.  825 

hare  come  to  the  conclusion  that  it  would  be  difficult  to  improve  on  the  J^^**"*^ 
design,  having  regard  to  the  high  speed  at  which  it  was  then  necessary  iir.  Law. 
to  ran. 

He  also  called  attention  to  an  incidental  advantage  of  the  smooth- 
core  armature,  namely,  that  it  reduces  the  heating  in  the  pole-pieces 
and  also  eliminates  the  iron  losses  in  armature  teeth,  and  there  is  no 
doubt  that  these  points  have  considerable  importance.  Another 
point  was  that  he  did  not  quite  understand  why  there  should  be  time 
lag  in  the  commutating  pole  when  changes  of  load  occur.  It  is,  of 
course,  a  fact  that  there  is  no  time  lag  in  the  current  which  excites  a 
commutating  pole,  as  the  windings  are  in  series  with  the  armature,  but 
time  lag  will  occur  in  the  flux  produced  by  these  windings,  and  it  is 
this  flux  that  is  of  importance  in  preventing  a  disturbance  of  the 
commutation. 

With  regard  to  the  fastening  of  the  commutator,  a  spring  washer  is 
provided  between  the  nuts  and  the  cones  supporting  the  commutator, 
to  allow  for  expansion  and  contraction,  and  to  keep  the  commutator 
finnly  pressed  towards  the  body  of  the  armature.  This  washer  can 
just  be  seen  in  Fig.  4.  In  reference  to  Gramme  armatures,  all  the 
early  ones  of  this  type  were  bipolar. 

The  extension  of  the  pole- tips  in  Fig.  9  is  for  mechanical  reasons 
only.  The  4,000-k.w.  plant  shown  in  Fig.  9  has  these  projections  held 
down  by  non-magnetic  end  caps.  In  some  modern  plants  these 
projections  are  made  somewhat  longer  and  arc  held  down  by  massive 
bolts. 

With  reference  to  rotors  of  the  salient-pole  and  the  cylindrical 
types,  we  have  constructed  rotors  of  both  types,  and  it  is  not  our 
experience  that  there  is  any  more  distortion  with  one  than  with  the 
other,  but  undoubtedly  it  is  necessary  in  the  case  of  the  solid-pole 
type  to  shape  the  pole-pieces  suitably. 

Mr.  Miles  Walker  pointed  out  that  it  was  possible  to  work  cylin- 
drical type  rotors  at  a  higher  flux  density  than  those  of  the  salient-pole 
type.  In  most  of  the  designs  which  we  have  examined,  however, 
this  high  density  can  only  be  realised  at  a  very  local  point,  and  at 
other  parts  of  the  magnetic  circuit  of  the  rotor  there  is  quite  as  much  or 
even  more  iron  for  a  given  flux  than  with  the  salient  pole.  That  this 
density  is  only  local  was  clearly  shown  by  the  shape  of  the  open 
circuit  curve  sketched  by  Mr.  Miles  Walker. 

The  advantage  is  claimed  for  the  cylindrical  rotor  that  the  coils 
can  be  so  efficiently  ventilated  that  the  output  is  largely  increased,  but 
this  is  on  the  assumption  that  an  e<}ual  amount  of  ventilation  can  be 
obtained  for  the  end  windings,  and  considerable  difficulty  has  t>een  met 
with  in  the  efficient  ventilation  of  these  end  windings. 

Mr.  Fox  and  others  expressed  the  opinion  that  the  smooth  core  is 
boond  to  give  way  to  the  sk>tted  core  in  turlx>-dynamos.  It  is  an  old 
argument  that  the  slotted-corc  armature  is  a  more  mechanical  construc- 
tion than  the  smooth-core  with  binding  wire,  but  experience  obtained 
with    tho   reliability  of  the  smooth-core  type  has  convinced  many 
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Mr.stoney  engineers  who  have  practical  experience  of  both  that  in  many  ways 
Sfn  Law.       ^c  smooth  core  is  the  more  reliable  of  the  two. 

In  the  smooth-core  armature  the  windings  are  assembled  over  a 
uniform  and  easily  applied  layer  of  insulation,  which  covers  the  whole 
of  the  armature  core  and  end  drums.  Over  the  conductors  a  similar 
layer  of  insulation  is  placed,  and  the  whole  can  be  thoroughly  examined 
before  the  binding  wire  is  put  on.  A  temporary  layer  of  binding  wire 
is  first  put  on,  and  the  armature  thoroughly  dried.  This  wire  is 
removed,  giving  a  further  opportunity  of  examining  the  insulation  over 
the  conductors,  and  finally  the  permanent  wire  is  wound  on.  This 
method  contrasts  very  favourably  with  the  insulation  of  a  coil  in  a 
deep  slot  having  numerous  more  or  less  jagged  edges.  In  this  case  it 
depends  on  the  care  taken  by  the  winder,  and  once  the  windings  are  in 
place  any  mistake  remains  undetected  until  it  shows  itself  in  one  of 
the  usual  well-known  ways.  It  is  a  matter  of  experience  that  with 
surface  wound  armatures  in  sizes  varying  from  4-k.w.  up  to  i,ooo-k.w. 
there  has  never  been  an  instance  of  the  windings  shifting  owing  to 
sudden  loads  or  short  circuits.  It  is  a  simple  matter  to  drive  the 
conductors  efficiently  with  a  smooth-core  armature. 

With  reference  to  the  question  of  smooth  versus  slotted  cores,  it  has 
often  been  observed  at  Beaton  Works  that  amongst  the  large  number 
of  motors  which  have  been  installed  at  various  times,  the  ones  which 
have  given  the  least  trouble  and  which  require  the  least  attention  have 
been  three  old-fashioned  Crompton  motors  with  two-pole  horse-shoe 
magnets  and  smooth-core  armatures  working  with  wire  gauze  brushes 
on  the  commutators.  Probably  the  most  ardent  advocate  of  the  slotted- 
core  armature  as  against  the  smooth-core  would,  as  regards  commuta- 
tion, only  maintain  that  the  slotted  core  is  "  good  enough,"  and  never 
that  it  was  as  good  as  the  smooth  core. 

Reference  has  also  been  made  by  several  members  to  the  use  of 
commutating  poles,  and  one  argument  put  forward  by  Mr.  Fox  against 
the  distributed  compensating  winding  without  a  commutating  pole 
is  that  it  provides  an  "undefined  field"  for  commutation.  This  is 
precisely  what  we  consider  to  be  the  strong  point  of  the  distributed 
compensating  winding  since  it  means  that  a  good  commutating  position 
can  be  found  within  a  large  range  of  brush  movement. 

It  is  a  significant  fact  that  most  firms  who  started  to  build  high- 
speed dynamos  were  in  their  early  days  ardent  advocates  of  com- 
mutating poles  only,  but  we  believe  that  in  every  instance  they  have 
deserted  the  commutating  pole  for  a  combination  of  compensating 
winding  and  commutating  pole.  We  still  maintain  that  even  better 
results  can  be  obtained  by  eliminating  all  the  iron  between  the  pole- 
pieces  and  obtaining  for  commutation  the  "  undefined  field." 

The  above  considerations  lead  us  naturally  to  the  question  of  the 
brushes.  It  is  a  little  curious  that  in  this  discussion  the  members  who 
have  most  strongly  advocated  the  use  of  slotted  cores  and  commutating 
poles  should  in  most  cases  also  be  the  ones  who  seem  to  find  carbon 
brushes  to  be  the  only  ones  to  give  satisfactory  results.    We  would 
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soggesl  Uttt  this  is  merely  an  instaoce  of  caose  and  effect  Undoobtedly  Mr  ^tonrr 
it  is  a  j>reater  achievement  to  produce  a  coatinaoas-corrent  generator  ^  |^^ 
that  will  commotate  satisfactorily  with  metal  bmsbes  than  to  do  so 
using  carbon,  and  one  cannot  help  wondering  whether  the  anxiety  of 
some  folk  to  see  every  one  adopting  carbon  brushes  ma^  not  be  doe  to 
their  failure  to  produce  a  generator  which  will  give  satisfaction  with  the 
okier  form  of  brush.  The  fact  remains  that  the  two  earliest  manufac- 
turers of  high-speed  continooosHmrrent  plant  still  retain  the  metal 
bn&h  in  some  form.  The  firm  with  which  we  are  connected 
have  obtained  soch  remarkably  good  results  with  large  two-pole 
smooth-core  generators  that  for  the  present  they  retain  the  brass  wire 
brush  as  the  standard.  At  the  san>e  time  such  improvements  have 
recently  been  made  in  the  manufacture  of  carbon  brtshes  that  in  view 
of  the  possibility,  or  perhaps  we  may  even  say  the  probability  of  some 
form  of  carbon  brush  being  eventually  used,  the  commutators  of  their 
machines  are  designed  of  soch  ample  dimensions  that  as  soon  as 
cartxm  brushes  become  a  thoroughly  practical  proposition  the  change 
can  be  made  at  small  expense.  Messrs.  Parsons  know  of  about  half  a 
docen  dynamos  of  their  construction  on  which  carbon  brushes  are  at 
the  present  time  giving  comparatively  good  results,  and  further  experi- 
ments in  this  direction  are  at  present  in  hand. 

Mr.  Parker  referred  to  the  volts  per  segment  as  apparently  being 
the  sole  cause  of  flashing  over.  This  is  certainly  not  so,  since  the 
only  case  with  which  we  have  come  into  contact  in  which  flashing 
has  occurred  (since  entirely  overcome  by  comparatively  simple  altera- 
tioos  in  the  generators)  the  maximum  volts  per  segment  does  not  exceed 
^  These  were  4-pole  plants,  and  Messrs.  Parsons  have  constructed 
a  large  number  of  2-pole  plants  with  maximum  voltages  per  s^ment 
ttp  to  53  and  53,  and  with  this  type  have  never  had  an  instance  of 
flashing  over  undec  any  conditions  whatever,  including  practically  dead 
short  circuits. 

Mr.  Parker  and  Dr.  Pohl  also  referred  to  the  flux  distortion  on 
the  pole-face  caused  by  the  large  ratio  of  compensating  used  by 
Messrs.  Parsons.  In  our  opinion  this  distortion  does  not  take  place 
to  an  appreciable  extent,  and  investigations  at  Heaton  Works  with 
the  oscillograph  have  shown  this  view  to  be  correct 

Dr.  Pohl  asked  a  question  as  to  the  winding  of  rotor  coils  into 
metal  cases.  It  has  been  found  possible  to  do  this,  and  obtain  a  coil 
which  is  so  absolutely  wedged  into  its  case  that  movement  inside  is 
avoided.  Any  movement  is  confined  to  the  coil  as  a  whole,  and  owing 
to  the  armouring  of  the  metal  case  thoroughly  mechanical  means  can 
be  adopted  for  securing  the  coils. 

Several  speakers  referred  to  the  leakage  path  compounding,  and 
one  memtier  referred  to  the  Tirrell  regulator.  The  latter  has  no  doubt 
g^ven  excellent  results,  but  it  is  found  that  some  direct  means  of  com- 
pounding is  very  much  quicker  in  action,  and  the  method  described  by 
BS  has  the  advantage  that  there  are  no  moving  parts  whatever,  so  that 
the  action  is  entirely  electromagnetic 
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Mr.  stoney  As  Dr.  Pohl  Suggested,  it  is  of  course  necessary  to  make  the  iron  of 
Mr.  Law.  t^®  exciter  magnets  rather  larger  for  a  given  output  of  exciter,  but  an 
increase  of,  say,  30  per  cent,  in  the  iron  of  the  exciter  magnets  repre- 
sents a  very  small  increase  in  the  cost  of  an  alternator.  An  advantage 
of  this  method  of  compounding  is  that  there  is  no  time  lag  in  the 
exciter  magnets,  since  the  flux  in  the  magnets  is  not  increased  by  the 
action  of  the  leakage  path  ;  the  flux  is  merely  diverted  from  the  leakage 
paths  through  the  exciter  armature. 

Mr.  Livingstone,  in  his  communicated  remarks,  lays  stress  on  the 
importance  of  ductility  in  steel  for  high-speed  work.  We  quite 
agree  with  his  remarks,  as  will  be  seen  by  a  reference  to  page  304 
of  the  paper.  Mr.  Livingstone  asks  if  any  movement  of  the  windings 
of  smooth-core  armatures  occurs  when  the  machine  is  short-circuited. 
As  already  stated,  there  has  never  been  an  instance  of  such  movement 
on  shifting  of  the  conductors  on  properly  constructed  smooth-core 
armatures.  As  regards  binding  wire,  Messrs.  Parsons  use  a  very 
large  factor  of  safety,  as  there  is  no  advantage  whatever  in  cutting 
this  fine. 

As  regards  the  bolts  holding  the  coil  clamps  and  the  possible 
bending  stresses  to  which  they  may  be  subjected  owing  to  slight 
inaccuracies  of  workmanship,  this  point  was  foreseen  in  the  very  first 
rotor  of  this  construction,  and  therefore  the  underneath  part  of  the  bolt 
head  or  nut  is  made  spherical  so  as  to  give  a  ball  and  socket  action. 

The  diagram  of  an  early  compensating  winding  designed  by  Mr. 
Holmes  is  exceedingly  interesting,  and  we  are  strongly  of  opinion  that, 
as  in  the  case  of  the  one  shown  in  Fig.  2  of  the  paper,  had  he  increased 
the  number  of  ampere  turns  very  excellent  results  might  have  been 
obtained.  It  would  seem  that  it  was  only  the  advent  of  the  carbon 
brush  that  prevented  a  number  of  such  compensating  windings  having 
been  adopted  years  ago. 

In  reply  to  Mr.  TurnbuU,  the  exciter  commutation  is  quite  unaffected 
by  leakage  paths  and  their  position  seems  to  have  very  little  influence. 
Mr.  Longman  referred  to  the  Morganite  brush  gear  with  pneimiatic 
sockets,  and  of  these  we  can  only  say  that  we  have  no  direct  experience, 
but  know  that  it  is  working  very  satisfactorily  on  three  turbo-generators 
of  Messrs.  Parsons'  construction.  The  question  was  raised  as  to  the 
rating  of  the  Sydney  5,000  k.w.  alternators,  which  have  to  do  6,250  k.w. 
continuously.  In  view  of  the  low  temperature  rise  guaranteed  (45°  F.) 
at  5,000  k.w.,  it  is  probably  intended  to  run  this  plant  at  its  continuous 
overload  of  6,250  k.w.  at  timei  when  the  atmospheric  temperature  is 
low.  We  have,  however,  no  precise  information  on  this  point  The 
alternator  in  size  about  corresponds  to  one  of  6,250  k.w.  The  probable 
life  of  commutators  of  Messrs.  Parsons'  plant  is  found  to  be  from  eight 
to  twelve  years  under  ordinary  running  conditions  with  compensated 
dynamos  and  wire  brushes.  It  has  never  been  found  necessary  to  use 
an  adjustable  shunt  for  Messrs.  Parsons'  compensating  winding,  as  a 
winding  can  be  designed  which  is  suitable  without  adjustment  for  all 
conditions  of  load  or  voltage. 


tested. 
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Proceedings  of  the  Four  Hundred  and  Seventy-fifth 
Ordinary  General  Meeting  of  the  Institution  of 
Electrical  Engineers,  held  in  the  Rooms  of  the 
Institution  of  Civil  Engineers,  Great  George 
Street,  Westminster,  on  Thursday  evening, 
April  9,  1908 — Colonel  R.  E.  Crompton,  C.B., 
President,  in  the  chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  April  2nd 
were  taken  as  read,  and  confirmed. 

The  list  of  candidates  for  election  into  the  Institution  was  taken  as 
read,  and  it  was  ordered  that  it  should  be  suspended  in  the  Library. 

The   following  list  of  transfers  was  published  as   having    been 
approved  by  the  Council : — 

TRANSFERS. 

From  the  class  of  Associate  Members  to  that  of  Members : — 
Walter  Binns.  I  A.  C.  Coubrough. 


William  A.  Brodie.  I  C.  C.  Garrard. 

Cecil  L.  Sumpter. 

From  the  class  of  Associates  to  that  of  Associate  Members : — 
Arthur  T.  Kinsey.  |  Harold  B.  Sale. 

Charles  J.  Turner. 

From  the  class  of  Students  to  that  of  Associate  Members  : — 
H.  C.  Greenwood.  |  Frank  Morton. 

Herbert  G.  Tisdall. 

Messrs.  W.  C.  Clinton  and  W.  W.  Cook  were  appointed  scrutineers 
of  the  ballot  for  the  election  of  new  members,  and,  at  the  end  of  the 
meeting,  the  following  were  declared  to  have  been  duly  elected  : — 

ELECTIONS. 

A$  Associate  Members, 


Joseph  Harding  Bolam. 
George  William  Cole. 
Arthur  William  Mandling. 
Harold  Ernest  Morrow. 


Gilbert  Dirk  Nelson. 
Joseph  Richardson  Norris. 
Arthur  Rice,  Lieut.,  R.N. 
Samuel  Richards. 


Conrad  Clemmans  Skeates. 
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As  Students. 


George  Joseph  Duckett. 
Albert  Neilson  Hawortb. 
Victor  Marcus  Levy. 


Cyril  Arthur  Martin. 
Thomas  Yewcll  Porter. 
Percy  Brice  Smith. 


Donations  to  the  Library  were  announced  as  having  been  received 
since  the  last  meeting  from  W.  Duane,  C.  L.  R.  E.  Menges,  }.  Springer, 
The  Smithsonian  Institution,  Messrs.  Whittaker  &  Co.;  and  to  the 
Bat^volcnt  Fund  from  The  Electrical  Engineers'  Ball  Committee,  to 
whom  the  thanks  of  the  meeting  were  duly  accorded. 

The  following  paper  was  read  and  discussed  : — 
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ELECTRICITY  SUPPLY  PROSPECTS  AND  CHARGES 
AS  AFFECTED  BY  METALLIC  FILAMENT 
LAMPS  AND   ELECTRIC   HEATING. 

By  H.  W.  Handcock  and  A.  H.  Dykes,  Members. 

(Paper  reccivgd  January  28,  read  in  London  on  April  g^  at  Dublin  on  April  9, 
and  at  Glasgow  on  May  12,  1908.) 

It  is  very  satisfactory  at  the  moment  to  be  able  to  induce  a  wavering 
possible  consumer  to  decide  in  favour  of  electricity  by  pointing  out 
that  with  the  new  metallic  filament  lamps  two  to  three  times  the  light 
can  be  obtained  for  the  same  current  as  compared  with  the  ordinary 
carbon  lamps  which  he  has  used  hitherto.  He  is  added  to  the  list  of 
consumers,  and  the  output  of  the  station  is  increased.  He  may  or  may 
not  consume  the  same  amount  of  current  as  the  old  consumers  using 
carbon  filament  lamps,  but  he  has  increased  the  output  of  the  station. 
It  is  also  satisfactory  when  a  present  consumer  replaces  a  single  i6-c.p. 
lamp  with  two  25-c.p.  tantalum  or  osram  lamps  run  in  series.  He  gets 
a  magnificent  light,  and,  if  he  does  not  do  it  throughout  his  house,  his 
bill  is  not  greatly  affected. 

But  what  will  happen  when  every  consumer  uses  high-efficiency 
lamps  throughout  ?  Can  we  feel  sure  that  the  only  effect  will  be  that 
the  consumer  will  get  more  light,  and  will  use  as  much  as  or  more 
current  than  before  ? 

When  the  gas  mantle  was  first  introduced  its  effect  was  to  give  at 
each  burner  a  greatly  increased  light  for  about  the  same  consumption 
of  gas  as  before.  Although  undoubtedly  one  effect  was  to  accustom 
people  to  a  higher  standard  of  illumination,  it  was  found  that  the  con- 
sumption of  gas  per  consumer  fell  off  seriously,  and  the  rate  of  increase 
of  gas  production  was  checked.  Fortunately  for  the  gas  industry  the 
change  came  at  a  time  when  electricity  for  lighting  was  pushing  them 
hard,  and  the  mantle  enabled  them  to  retain,  and  even  to  win  back,  a 
number  of  consumers  who  otherwise  would  have  used  electricity ;  owing, 
also,  to  the  low  cost  per  service,  it  did  not  matter  nearly  so  much  to 
the  gas  companies  if  one  man's  consumption  fell  off,  provided  only 
thereby  his  neighbour  was  attracted.  The  vigorous  efforts  made  by 
the  companies  to  push  gas  for  heating  and  cooking  purposes  (for  which 
they  required  no  additional  meters  or  special  rates)  also  served  to  stem 
the  ebb  tide  and  prevented  the  receipts  from  actually  falling  off. 

In  conversation  with  a  number  of  gas  authorities  we  gather  that 
the  new  inverted  mantle,  although  nothing  like  as  economical  as  it  is 
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claimed  to  be  in  some  quarters,  does  reduce  the  consumption  of  gas 
per  point,  and  has  in  places  had  an  appreciable  effect  on  the  output  of 
the  works. 

The  present  i  lo-volt  tantalum  giving  23  c.p.,  or  osram  lamp,  giving 
30  cp.  at  a  consumption  of  40  watts,  although  they  have  usually  to  be 
arranged  in  series,  might  appear  to  correspond  very  closely  with  the 
original  gas  mantles  in  gas  lighting. 

In  some  cases  consumers  will  be  able  to  do  with  fewer  points  and 
thus  reduce  their  consumption.  In  others  it  will  happen  that  they  will 
improve  their  lighting,  but  not  very  greatly  reduce  their  consumption. 
Some  engineers  seem  to  think  the  first  state  of  affairs  will  predominate, 
vhibt  others  incline  to  the  latter.  If  metallic  filament  lamps  were 
always  to  remain  at  the  present  price,  and  were  only  available  in  com- 
paratively large  units  and  at  100  volts,  it  is  probable  that  the  total  effect 
on  the  station  supplying  principally  private  consumers  would  not  be 
very  marked. 

The  cost  of  the  lamps — 4s.  for  osrams  and  2s.  gd,  for  tantalums — is 
a  very  considerable  item,  and  consumers  therefore  will  not  adopt 
them  to  any  great  extent  unless  they  can  feel  assured  that  their  ioial 
hghting  bill  will  be  reduced,  or  at  any  rate  not  increased. 

In  the  case  of  private  consumers,  where  a  large  proportion  of  the 
points  are  single  lights,  with  separate  switches  for  each  point,  the 
saving  in  current,  if  any,  with  two  lamps  in  series  will,  except  where 
current  is  dear,  not  be  great  enough  to  ensure  a  general  adoption  of  the 
lamps  at  present  prices. 

In  the  case  of  shops,  halls,  and  factories  it  generally  happens  that 
the  lamps  are  mostly  on  all  at  once,  so  that  the  question  as  to  whether 
a  switch  controls  one  or  two  lamps  does  not  come  in.  The  effect  in 
this  case,  even  if  the  same  total  number  of  lamps  be  used,  is  to  decrease 
the  current  consumption  by  about  one-third,  with  an  increase  in  the 
lUomination  of  50  per  cent,  or  more. 

The  total  saving  thus  effected,  after  allowing  for  the  increased 
cost  of  lamp  renewals,  depends  on — 

(a)  The  price  charged  for  current. 
(6)  The  price  of  the  lamps. 
(c)  The  life  of  the  lamps. 

Table  I.  gives  the  total  cost  of  lighting  at  different  prices  for  current, 
and  at  varying  lengths  of  Ufe  of  the  lamps,  and  at  various  prices  for 
the  lamps.  It  shows  clearly  how,  at  the  present  cost  of  the  renewals, 
the  saving  effected  varies  as  the  price  for  current  is  reduced. 

When  lamps  are  run  in  series  their  life  depends  very  much  on  the 
flactttation  in  voltage  on  the  circuit,  and  under  ordinary  conditions  it  is 
considerably  less  than  when  they  are  run  in  parallel.  It  is  claimed  that 
the  loo-  and  iio-volt  osram  lamps  have  a  useful  life  of  750  hours,  but 
thb  counts  from  the  time  that  the  lamp  is  safely  fitted  into  its  lamp- 
holder  aod  current  turned  on.    No  doubt,  as  in  the  case  of  gas  mantles. 
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improvements  will  be  effected,  and  the  breakages  which  now  take  place 
before  even  the  lamp  gets  into  its  final  position  will  be  reduced ;  but  at 
present  breakages  in  transit  are  a  serious  item  to  be  borne  in  mind 
when  calculating  the  cost  of  renewals. 

With  tantalum  lamps  we  have  obtained  guarantees  of  an  average 
life  of  750  hours  when  run  in  parallel,  and  of  the  same  life  when  run 
two  in  series,  provided  (a)  that  the  lamps  be  properly  paired  to  begin 
with,  (6)  that  iiF  one  burns  out  both  be  replaced,  and  the  partially  worn- 
out  one  paired  up  with  another  partially  worn-out  one,  and  (c)  that  the 
voltage  of  the  lamp  corresponds,  not  with  the  declared  voltage,  but 
with  the  highest  voltage  actually  obtaining  on  the  circuit  in  question. 

It  is  common  knowledge  that  even  with  the  drawbacks  above  referred 
to,  many  large  business  consumers  are  putting  in  metallic  filament 
lamps,  two  in  series,  and  many  stations  can  testify  to  great  reductions 
occasioned  thereby  in  consumers'  accounts.  One  thing  is  certain,  that 
if  a  larger  proportion  of  the  total  annual  outlay  on  lighting  is  to  be  paid 
to  the  lamp-makers,  the  amount  coming  to  the  supply  station  must  be 
considerably  reduced  if  the  total  is  to  be  reduced  or  even  to  remain 
the  same. 

If  the  consumption  per  consumer  be  reduced  by  say  one-third,  it 
is  not  sufficient  to  increase  the  number  of  consumers  by  50  per  cent., 
as  this  only  just  keeps  the  output  at  its  former  figure,  without  allowing 
for  increased  capital  outlay  on  services,  and  increased  expense  in  meter 
reading  and  general  administration.  It  is,  moreover,  very  doubtful  if 
there  are  many  districts  where  the  number  of  consumers  could  be 
quickly  doubled,  whatever  may  be  the  result  in  the  long  run. 

The  foregoing  remarks  apply  to  those  cases  where  loo-volt  25-  to 
30-c.p.  lamps  are  used,  two  in  series,  on  200  volts  or  thereabouts. 

In  our  own  private  houses  we  last  year  tested  a  plan,  which  appears 
likely  to  become  very  general  where  alternating  supply  is  available. 
This  consists  in  putting  down  an  auto-transformer,  or  "  distributor,"  by 
which  the  200-volt  supply  is  broken  up  into  eight  circuits  of  25  volts 
each,  thus  permitting  the  use  of  25-volt  metallic  filament  lamps  of 
8  and  14  British  candle-power,  which  are  both  cheaper  in  first  cost 
and  more  efficient  and  stronger  than  the  loo-volt  lamps.  The  8-c.p. 
25-volt  osram  lamp  is  rated  at  10  watts,  and  the  14-c.p.  at  16  watts. 

We  have  carefully  studied  the  beliaviour  of  both  lamps  and  trans- 
formers and  find  them  in  every  way  satisfactory. 

It  may  be  objected  that  the  transformer  losses  during  the  day-time 
would  go  far  towards  neutralising  the  saving  in  current  during  the 
lighting  hours.  In  our  own  case  we  obviated  this  by  keeping  carbon 
filament  lamps  in  bedrooms,  and  arranging  two-way  switches  on  the 
ground  and  bedroom  floors,  by  means  of  which  the  transformers  are 
switched  off  last  thing  at  night  and  not  turned  on  again  until  the 
downstair  lights  are  required  again.  There  is  now,  however,  on  the 
market  more  than  one  switch  which  automatically  switches  the  trans- 
former off  when  the  last  lamp  is  turned  off  and  switches  it  on  again 
when  a  lamp  is  turned  on. 
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Under  these  circumstances  we  find  that  the  consumption  of  current 
for  the  same  illumination  is  only  from  one-third  to  one-half  of  what  it 
was  formerly. 

In  shops  and  business  premises  the  provision  of  a  switch  to  turn 
off  the  transformer  during  the  non-lighting  hours  presents  no  difficulty. 

We  have  taken  tests  of  transformers  made  by  different  makers, 
each  wound  for  eight  circuits  of  25  volts,  200  volts  across  outers, 
for  4  to  5  amperes  per  circuit  at  50  (V)  per  second. 

We  find  that  the  no-load  consumption,  all  lamps  turned  off,  varies 
from  13  to  15  watts. 

The  lamp,  unlike  the  i  lo-volt  one,  can  be  used  in  any  position  and 
fits  any  ordinary  shade,  is  listed  at  3s.,  and  as  an  electrolier  with  six 
8-cp.  lamps,  only  consumes  the  same  amount  of  energy  as  an  ordinary 
carbon  filament  16  c.p.  lamp,  it  is  evident  that  the  system  presents 
many  advantages. 

A  well-known  London  company  was  last  year  approached  many 
times  by  the  makers  of  metallic  filament  lamps,  but  refused  to 
make  any  change,  as  most  of  their  lighting  was  by  means  of  8-c.p. 
lamps  on  three-  and  five-light  electroliers,  with  the  lamps  at  varying 
angles,  and  in  many  cases  enclosed  in  rather  small  glass  flambeaux. 
They  subsequently  adopted  the  25-volt  auto-transformer  system,  which 
met  all  their  requirements.  A  meter  was  put  in  circuit  with  the  lights 
00  a  portion  of  the  installation,  consisting  of  fifty  8-c.p.  lamps  (carbon 
filaments),  the  meter  reading  over  two  hours  being  3*25  units.  An 
anto-transformer  was  then  put  in  the  basement  below  the  distribution 
board,  and  the  lamps  changed  to  8-cp.  25-volt  osrams,  when  the  meter 
reading  over  the  same  length  of  time  was  only  1*10  units. 

Since  then  these  transformers  have  been  made  in  large  quantities, 
and  it  is  quite  evident  that  as  soon  as  they  become  general,  the  accounts 
of  consumers  on  alternating-current  systems  will  be  considerably 
reduced. 

Continuous-current  stations  are  not  affected  in  the  same  way,  but 
who  can  doubt  that  before  long  the  price  of  metallic  filament  lamps 
will  be  largely  reduced,  and  a  satisfactory  200-volt  lamp  put  on  the 
market  ?  Indeed,  we  are  already  promised  within  the  next  few  weeks 
a  50-watt  40-c.p.  200-volt  lamp.^ 

Both  these  events  would  largely  increase  the  number  of  users  of 
high-efficiency  lamps  and  lead  to  a  general  reduction  in  lighting 
accounts.  This  will  not  affect  so  seriously  the  large  companies  in  the 
manufacturing  centres  which  have  a  large  power  load  and  are  able  to 
supply  lighting  current  at  very  low  rates,  but  it  will,  we  think,  until  prices 
are  readjusted,  prove  most  serious  for  the  large  number  of  stations 
in  residential  districts  dependent  almost  entirely  on  a  lighting  load. 

VHiakt  steps  are  the  supply  stations  going  to  take  to  meet  this  ? 
For  some  time  to  come  it  is  hopeless  to  expect  that  the  number  of  new 

*  Tlw  progfcw  of  events  b  »  npid  that  even  since  this  paper  was  written  the 
prices  at  sooic  makes  of  lamps  have  been  reduced  ;  new  hunpe  have  been  pat  on  the 
tBMikH  and  improvements  made,  ail  tending  to  popularise  higb-elficiency  lamps. 
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the  case  of  electrical  energy,  by  far  the  greater  part  of  the  charge  is 
due  to  standing  charges,  interest,  and  sinking  fund,  which  are  indepen- 
dent of  the  amount  used  by  the  consumer,  the  actual  cost  of  production 
oi  the  current  being  relatively  small. 

In  this  respect  electrical  supply  resembles  much  more  closely  water 
bopply,  where  the  actual  water  costs  little  and  all  the  expense  is  incurred 
in  being  in  a  position  to  supply,  rather  than  gas  supply,  where  the 
actual  costs  of  production  are  high  as  compared  with  the  standing 
charges.  It  follows  from  this  that  if  any  individual  consumer  reduces 
his  consumption  by  one-half,  the  reduction  in  the  amount  of  profit  to 
the  supply  company  is  much  greater  in  the  case  of  electricity  than  it  is 
m*ith  gas. 

Suppose  that  a  gas  and  an  electrical  company  each  lose  20  per  cent. 
of  their  business.  From  the  figures  above  given,  the  profit  in  the  case 
of  the  first  is  j£25,and  in  the  second  ;^53*i^  per  ;£  100  gross  receipts. 

Even  assuming,  therefore,  that  the  working  costs  were  in  each  case 
reduced  fro  rata  with  diminished  output,  which  is  not  the  case,  the 
former  loses  ;^5  and  the  latter  £10  15s.  of  their  profit,  and  in  order  to 
keep  their  dividends  the  same  it  would  be  necessary  for  the  gas  com- 
pany to  raise  its  price  by  6*25  per  cent.,  whilst  the  electrical  company, 
to  be  in  the  same  position,  must  increase  its  rate  by  no  less  than  13-4 
per  cent. 

Many  gas  engineers  are  of  opinion  that  it  was  the  introduction  of 
slot  meters  and  the  large  accession  of  small  consumers  consequent 
thereon  which,  together  with  the  increase  in  gas  cooking  and  heating, 
saved  the  gas  companies  when  the  gas  mantle  was  introduced.  With 
their  low  capital  charges  and  low  service  costs  they  can  profitably 
supply  small  consumers ;  indeed,  the  average  revenue  per  gas  consumer 
throughout  the  country  works  out  from  the  Board  of  Trade  returns  at 
£$  8s.  In  the  case  of  one  district  only  which  we  investigated  recently, 
we  found  that  a  gas  company  was  in  possession,  and  paying,  to  the 
satisfaction  of  its  shareholders,  the  full  statutory  dividend  of  10  per 
cent.  From  the  figures  supplied  to  us  it  appeared  that  a  large  pro- 
portion of  the  consumers  had  atK>ut  six  lights  in  use,  and  their  bills, 
including  meter  rents,  did  not  average  more  than  £1  i6s.  per  annum. 

We  came  to  the  conclusion  that  such  consumers  were  not  likely  to 
furnish  a  very  satisfactory  load  for  an  electricity  undertaking.  Some 
form  of  so-called  "  free  wiring  "  would  be  absolutely  necessary  in 
order  to  supplant  gas,  as  the  interest  on  this,  with  the  cost  of  meter 
and  scrricc,  would  come  to  some  12s.  to  15s.  per  annum  l)efore  any 
current  could  be  supplied  at  all. 

Wc  should  like  to  hear  the  experience  of  other  engineers  in  the 
nutter  of  small  consumers.  Wc  have  made  many  attempts  to  solve  the 
problem  of  economically  and  profitably  supplying  them,  but  we  have 
to  confess  that,  speaking  broadly,  wc  have  not  found  this  class  of 
consumer  remunerative. 

When  we  came  to  reckon  up  the  cost  of  "free  wiring"  repairs, 
renewals,  cost  of  slot  meters,  services,  etc.,  wc  were  forced  to  the  con- 
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elusion  that  under  ordinary  circumstances  such  consumers  do  not 
pay. 

The  new  lamps  reduce  the  old  20-light  consumer,  who  could  be  pro- 
fitably supplied,  to  about  the  same  as  a  former  8-  to  lo-light  consumer ; 
in  other  words,  they  reduce  the  demand  of  a  profitable  consumer 
to  an  unremunerative  amount,  so  that  the  difficulty  of  finding  fresh 
consumers  likely  to  pay  the  station  is  increased  just  at  the  moment 
when  they  are  most  urgently  needed. 

In  the  case  of  the  installation  referred  to  on  page  335,  they  formerly 
had  686  8-c.p.  lamps,  consuming  36,260  imits  per  annum,  at  an  average 
price  of  3.47d.  per  unit — ^a  fairly  low  rate.    This  made  their  annual 

account — 

£  s,  d. 

Total  cost  of  current  per  annum 524  o  o 

Lamp  renewals  (i|6i2  lamps  at  is.)        80  12  o 

Total ;£6o4  12    o 

The  25-volt  osram  lamps  have  now  been  adopted  throughout,  but 
unfortunately  a  sufficient  time  has  not  elapsed  to  allow  the  exact  saving 
to  be  ascertained.  The  present  costs  for  slightly  better  illumination 
than  before,  at  the  same  charge  per  unit,  would  be  approximately — 

£     ^    ^ 

12,500  units  at  3*47d.  per  unit 180  14    7 

Lamp  renewals  (1,612  lamps  at  3s.)        241  16    o 

Total ;£422  10    7 

It  will  be  seen  that  whilst  the  lamp-maker  now  receives  ;£24i  16s. 
instead  of  £80 12s,,  the  supply  station  only  sells  12,500  where  it  formerly 
sold  36,260,  or,  in  other  words,  it  has  lost  65  per  cent,  of  its  business, 
and  in  order  to  keep  its  profit  the  same,  would,  on  the  average  figures 
given  a  few  paragraphs  above,  need  almost  exactly  to  double  its  charge 
for  current,  or,  in  other  words,  charge  6'94d.  per  unit. 

In  practice,  of  course,  the  result  would  be  different,  as  owing  to  new 
consumers  coming  on  and  old  consumers  raising  their  standard  of  illu- 
mination, such  a  reduction  in  the  total  output  as  65  per  cent,  is  not  likely 
to  obtain,  and  an  increase  in  the  price  of  from  10  per  cent  to  15  per 
cent.,  depending  on  circumstances,  would  probably  put  the  station  in  a 
favourable  position  again. 

Fortunately  for  the  supply  company,  the  installation  above  cited  is 
suppUed  on  a  sliding  scale  depending  solely  on  the  quantity  consumed, 
and  as  a  matter  of  fact  their  bill  will  be — 

£       ^d, 

10,000  units  at  4d.  per  unit        166  13    o 

2,500  units  at  3id.  per  unit      36    9    o 

;£205      2      O 

Lamp  renewals  (1,612  lamps  at  3s.)     241  16    o 

Total ;£446  18    o 

or  an  average  price  of  — — ^  =  3 •93d.  per  unit 


ISOe.]  AND  METALLIC  FILAMENt  LAMI*^.  ddd 

Had  they  been  charged  on  the  maximum  demand  system,  the  price 
per  ontt  would  have  remained  at  3*47d.,  as  the  total  maximum  demand 
has  been  reduced  in  the  same  proportion  as  the  total  consumption. 

If  the  consumer  is  to  save  money,  and  the  lamp-maker  to  get  a  higher 
price  for  his  lamps,  is  it  unfair  to  ask  that  the  supply  station  should  get 
a  higher  price  for  its  current,  or,  at  any  rate,  that  the  present  downward 
tendency  in  the  price  charged  should  be  checked  ? 

It  appears  to  us  that  the  time  is  opportune  for  a  further  consideration 
of  the  method  of  charging  in  the  case  of  those  electricity  supply 
oompanies  a  large  proportion  of  whose  current  is  sold  for  lighting 
porposcs,  to  sec  whether  by  any  rearrangement  it  is  possible,  without 
fusing  the  price  to  the  average  profitable  consumer,  to  make  those 
contribute  their  fair  prop«frtion  who  at  present  do  not  do  so,  and  also 
to  eoconrage  the  use  of  current  for  various  purposes  beside  lighting, 
thereby  extending  the  hours  over  which  the  station's  large  capital 
expenditure  is  earning  interest 

It  is  prolnble  that  notxxiy  has  done  more  to  advance  the  electrical 
iodnstry  than  Mr.  Arthur  Wright  by  his  masterly  exposition  of  the 
principles  underlying  the  costs  of  electric  supply.  All  interested  in 
these  matters  are  naturally  familar  with  Mr.  Wrighf s  papers  on  the 
SQbject,  more  especially  the  one  read  by  him  before  the  Institution  in 
1901. 

Tbe  situation  created  by  the  introduction  of  metallic  filaments  only 
serves  to  lend  additional  force  to  the  principles  he  then  enunciated. 
Unfortunately,  however,  the  public  have  not  always  realised  the 
advantages  that  the  use  of   the  maximum  demand  indicator  confers. 

In  many  cases  stations  which  formerly  charged  on  the  maximum 
demand  system  have  now  reverted  to,  or  offer  as  an  alternative,  the  flat 
rate,  not  because  the  latter  is  a  fair  and  equitable  system,  but  t>ecause 
of  the  trouble  in  getting  consumers  to  understand  the  theoretically 
more  perfect  one.  In  addition  a  lower  rate  is  granted  for  current 
required  for  heating  or  power. 

The  inherent  difficulty  of  the  present  arrangement  of  differentiating 
between  the  charges  for  lighting  and  heating  can  best  be  shown  by  an 
cnunplc.  A  dining-room  has  an  electric  hot  plate,  for  instance,  supplied 
with  current  from  a  plug  near  the  fireplace.  The  plug  is  wired  on  a 
separate  heater  circuit,  and  above  the  plug  is  a  small  red  lamp  which 
scnrcs  as  an  indicator  to  tell  whether  the  current  is  switched  on  to  tbe 
hot  plate  or  not.  This  current  is  probably  charged  at  ad.  per  unit,  and 
ts  often  being  used  at  dinner-time,  that  is  to  say,  on  the  peak  of  the 
station  load. 

At  the  side  of  the  plug  is  another  one  supplying  current  to  two 
standard  lamps  on  the  mantelshelf,  the  current  for  which,  lieing  used 
for  general  lighting  (and  not  for  red  lamps),  is  charged  at  s^d.  per  unit. 
Can  anjrthing  be  more  illogical  ? 

Why  should  current,  consumed  during  peak  times,  be  charged  ^t 
km  rates  simply  because  it  is  not  used  for  lighting  ?  It  cannot  even  t>e 
contended  that  the  hot  plate  in  question  is  a  long-hour  consumer. 
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Attempts  to  carry  out  such  a  system  of  charging  have  been  made 
in  many  districts,  perhaps  the  best  known  one  being  that  introduced 
into  Manchester  by  the  late  Dr.  John  Hopkinson,  in  which  the  price 
charged  depended  on  a  Bxed  rental  plus  a  proportional  charge  for 
energy.  The  fixed  rental  was  determined  by  the  number  of  8-c.p. 
lamps,  or  the  equivalent  thereof,  wired.  In  Manchester  the  system  has 
now  been  abandoned,  partly,  we  believe,  because  the  tendency  was  to 
keep  down  the  number  of  lights  per  house  to  a  minimum. 

A  variation  of  this  is  the  system  which  was  adopted  at  Hastings  by 
Mr.  Andrews,  and  also  by  Mr.  Ruthven  Murray,  of  the  North  Metro- 
politan Power  Company,  and  others.  In  these  cases  the  fixed  rental 
is  based  not  on  the  numl>er  of  lamps  wired,  but  on  the  maximum 
number  in  use  in  any  quarter  as  shown  on  a  maximum  demand 
indicator. 

At  Hastings  the  charge  was  los.  per  annum  for  each  8-c.p.  lamp  of 
maximum  demand,  and  in  addition  i^.  for  each  unit  consumed,  as 
shown  on  the  ordinary  meter.  As  an  alternative,  consumers  could  pay 
a  flat  rate  of  6d.  per  unit,  and  in  addition  there  was  a  special  rate  for 
power. 

It  will  be  noted  that  nearly  every  station  has  to  give  flat  rates  as  an 
alternative, and  also  special  rates  for  power.  Indeed,  many  large  stations, 
lia^ing  abandoned  the  use  of  demand  indicators  and  the  maximum 
demand  system  of  charging,  get  over  the  difficulty  in  a  rough-and- 
ready  sort  of  way  by  quoting  each  consumer  a  special  flat  rate 
depending  on  what  they  consider  is  likely  to  be  the  nature  of  his 
demand.  The  difficulty  here  is,  of  course,  in  making  one  consumer 
«bo  is  charged,  say,  5d.  per  unit,  understand  why  he  should  pay  more 
than  his  neightx)ur,  who  perhaps  has  a  smaller  consumption,  but  is 
only  charged  2d.  per  unit  This  may  work  in  a  large  London  district 
where  no  one  knows  his  neight>our,  but  it  would  be  unworkable  in  a 
country  town. 

Section  31  of  the  Clauses  Act  further  provides  that  in  the  event  of 
the  undertakers  charging  by  any  special  method  approved  by  the  Board 
of  Trade,  any  consumer  has  the  right  by  giving  one  month's  notice  in 
writing  to  require  the  undertakers  to  charge  him  by  the  actual  amount 
of  energy  supplied  to  him. 

The  result  of  this  is,  of  course,  that  if  it  pays  a  man  to  take  a  supply 
on  any  special  system,  he  accepts  it,  whilst  those  at  the  other  end  of 
the  scale  who  are  unprofitable  at  a  flat  rate,  but  would  be  forced  to 
fay  more  on  a  special  system,  naturally  elect  to  pay  a  flat  rate,  so  that 
any  special  system  at  a  point  where  it  would  become  advantageous  to 
the  company  is  defeated  by  the  provisions  of  the  Electric  Lighting 
Acts.  In  addition,  many  engineers  will  make  various  concessions  to  a 
codsomer  who  threatens  to  give  up  using  electricity,  quite  overlooking 
the  fact  that  it  may  be  much  more  profitable  to  let  a  very  short-hour 
tmremunerative  consumer  go,  and  to  replace  him  with  a  more  profitable 
one,  rather  than  spend  more  money,  worth  with  sinking  fund  7  per  cent 
or  8  per  cent,  on  mains  and  plant  to  keep  him  on  the  circuit 
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Owing  to  the  conditions  that  pertain,  electricity  when  in  competi- 
tion with  gas,  should  be  able  to  show  a  considerable  advantage  to  long- 
hour  consumers,  while  gas,  on  the  other  hand,  should  be  able  to  supply 
very  short-hour  consumers  at  a  profit  where  an  electric  supply 
company  would  possibly  make  a  loss. 

If  electrical  undertakings  are  to  be  helped  at  the  present  juncture 
by  the  extended  use  of  current  for  power,  cooking,  and  similar 
uses,  in  the  same  way  that  the  gas  stove  and  cooker  came  to  the  rescue 
of  the  gas  companies,  it  is  essential  that  the  whole  of  the  business  be 
simplified.  It  must  not  be  necessary  to  put  in  a  separate  meter, 
separate  wiring,  and  to  render  two  separate  accounts,  but,  neverthe- 
less, it  is  equally  essential  that  current  for  power  should  not  be  sold 
for  a  low  rate  simply  because  it  is  for  power,  and  the  loss  made  good 
by  lighting  consumers. 

The  great  majority  of  domestic  heating  appliances  take  a  current 
of  under  5  amperes,  and  it  should  be  possible  to  attach  any  such  piece 
of  apparatus  to  any  convenient  plug  on  the  general  house  wiring.  The 
ordinary  householder  will  not  buy  an  electric  kettle — he  will  not  even 
use  it  if  given  to  him  free — if  he  has  to  pull  the  house  about  to  put  in 
special  wiring  and  to  pay  3s.  per  quarter  for  the  rent  of  a  second  meter. 
Electric-heating  appliances  could  be  put  on  the  market  much  more 
cheaply  than  at  present  if  the  demand  were  greater,  but  there  is  little 
inducement  to  the  makers  to  cheapen  them  under  existing  conditions. 

It  appears  to  us  that  the  above  difficulties  might  be  met  if  the 
present  minimum  charge  authorised  by  the  Board  of  Trade  were  made 
to  depend  on  the  maximum  power  with  which  any  consumer  should 
be  entitled  to  be  supplied. 

Section  28  of  the  Clauses  Act  of  1899  entitles  the  consumer  to  a 
supply  up  to  the  maximum  that  may  reasonably  be  anticipated  on  his 
premises,  and  why  his  standing  charge  should  not  be  based  on  the 
number  of  kilowatts  corresponding  to  that  maximum  instead  of  on 
an  arbitrary  20  units,  it  is  difficult  to  see. 

If  a  suitable  maximum  figure  per  kilowatt  were  fixed  by  the  Board 
of  Trade  for  that  purpose,  the  actual  figure  charged  by  the  station 
could  be  made  to  correspond  to  the  standing  charges  of  that  station, 
when  it  is- clear  that  the  charge  per  unit  would  resolve  itself  into  pro- 
duction costs  and  nothing  more. 

We  venture  to  make  the  following  suggestions  for  working  out  the 
system  in  practice  : —  * 

A  consumer  applying  for  a  service  states  as  at  present  the  number 
and  candle-power  of  lamps  he  proposes  to  use,  say  for  example,  200 
8-c.p.  lamps.  From  his  knowledge  of  the  district  the  station  manager 
estimates  that  the  maximum  demand  he  is  ever  likely  to  make  on  the 
station  is,  say,  3  k.w.,  which  he  accordingly  enters  as  his. "  contract 
demand." 

(We  use  the  term  "  contract  demand  "  for  the  "  maximum  power  " 
referred  to  in  Section  28  of  the  Clauses  Act,  for  want  of  a  better  word, 
to  distinguish  it  on  the  one  hand  from  the  maximum  demand  as  given 
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daring  any  quarter  on  a  demand  indicator,  and  on  the  other  from  the 
maximum  possible  demand  corresponding  to  all  lights  being  on  at 
once.  In  practice  the  sum  of  the  consumer's  "contract  demands" 
will  be  somewhat  greater  than  the  sum  of  their  maximum  demands  as 
shown  on  their  demand  indicators  for  the  heaviest  quarter,  but  con- 
siderably less  than  the  total  of  their  maximum  possible  demands.) 

For  the  pritilege  of  having  the  call  at  any  time  on  power  up  to 
3  lew.  the  consumer  will  pay  per  annum  a  fixed  sum,  and  in 
addition  a  small  charge  per  unit  for  the  actual  energy  supplied  as 
measured  on  the  ordinary  meter.  The  fixed  charge  represents  the  cost 
the  station  is  put  to  in  placing  at  his  disposal  a  supply  up  to  3  k.w.,  and 
is  independent  of  whether  he  actually  uses  a  unit  or  not.  It  is  arrived 
at  by  dividing  the  sum  representing  the  whole  of  the  "preparation 
costs,**  that  is,  all  those  which  are  independent  of  the  actual  output  of 
the  station,  including,  in  the  case  of  companies,  a  reasonable  dividend, 
by  the  sum  of  the  consumer's  "  contract  demands."  The  charge  per 
unit  is  intended  to  represent  the  "  production  cost "  per  unit  consumed 
with  a  reasonable  margin  of  profit. 

The  following  examples  will  show  how  the  charges  would  work 
oat  :— 

A  certain  alternating-current  station,  for  instance,  has  a  maximum 
load  of  713  k.w.  on  the  station  feeders,  and  the  sum  of  the  consumers' 
**  ooatract  demands  **  would  probably  be  found  to  be  about  990  k.w., 
depending  on  the  nature  of  the  load  supplied. 

£ 
The  interest  and  sinking  fund  charges  absorbed      6,203 
The  rest  of  the  "  preparation  costs  "  amounted  to      4*449 

Giving  a  total  of         ...        ...  £10,652 

This  divided  by  990=^10  15s*  as  the  standing  charges  per  '^contract" 
kilowatt  demanded.  The  **  production  costs  "  per  unit  were  o'Syd.,  say 
0-95  pence,  allowing  a  margin  for  profit. 

The  charges  would  therefore  be  ;£io  15s.  per  "contract"  kilowatt 
demanded,  and  o'95d.  per  unit  consumed. 

As  an  illustration  take  two  typical  houses,  A  and  B  : — 

"A**  has  an  equivalent  of  60  lamps  of  8  c.p.,  and  consumes  655 
antts  at  5|d.  per  unit,  the  present  flat  rate,  s  £1$, 

The  "  contract  demand "  would  probably  be  fixed  at  0*9  k.w.,  and 
the  charges  under  the  new  system  would  therefore  be — 

erg  k.w.  at  ;£io  15s.  per  kilowatt  9  13    6 

655  units  at  o'95d.  per  unit  2  11  10 

Total        ;£i2    5    4 

ss4*5d.  per  unit 

"  B"  has  an  equivalent  of  55  lamps  of  8  cp.,  and  consumes  350 
oasts  at  5|d.  per  unit,  the  present  flat  rate,  >=  £S. 

*  Bjr  taking  qqo  kw.  Instead  of  715  kw..  the  maximttin  kMd  00  tho  itatioa  (•edera, 
r  [geU  due  aUuwauux  for  tb«  Divcnlty  Fs^tor. 
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With  the  "contract  demand"  fixed  at  0*9  k.w.  the  charge  would 
be— 

;S         S.  d. 

09  k.w.  at  ;£io  15s.  per  kilowatt 9  13    6 

350  units  at  o*95d.  per  unit  178 

Total     j£ii     I    2 

:=  7'58d.  per  unit. 

The  tramways  take  360,000  units  per  annum. 

Assuming  loo-k.w.  "  contract  demand  "  the  charges  would  be — 

£  s.  d. 

100  k.w.  at  ;£io  15s.  per  kilowatt      1,075  o  o 

360,000  units  at  o*95d.  per  unit          ^A^S  o  ^ 

Total       ^2,500  o  o 

=  i*67d.  per  unit. 

Take  next  a  shop  as  an  example  : — 

Lamps  installed,  say,  20  of  40  watts  each,  consuming,  say,  400  units 
per  annum. 

*'  Contract  demand,"  say,  0*8  k.w. 
The  charge  would  be— 

£  %.  d, 
0-8  "contract  demand"  at  ;£io  15s.  per  kilowatt  8  12  o 
400  units  at  o*95d.  per  unit  i  11    8 

Total     ;£io    3    8 

=  6*1  id.  per  unit. 

As  applied  to  a  motor  load,  take,  for  example,  a  10- H. P.  motor  giving 
a  variable  load  for,  say,  50  hours  per  week. 
The  charge  would  here  be  as  follows  : — 

£     s,    d, 
"Contract  demand,"  say,  10  k.w.  at  ;£io  15s.  per  kilowatt...     107  10    o 

Say  13,500  units  per  annum  at  o'95d.  per  unit  53    ^    9 

Total       ;£i6o  18     9 

=  2*86d.  per  unit. 

This  consumer  cannot  be  profitably  charged  at  a  lower  figure,  even 
on  a  flat  rate,  as  he  has  the  privilege  of  coming  on  at  peak  load. 

If,  however,  the  consumer  would  agree  not  to  work  his  motor  during 
lighting  hours,  or,  at  all  events,  during  the  period  covering  peak  load, 
but  not  otherwise,  his  rate  per  "contract  kilowatt"  demanded  should  be 
fixed  as  a  matter  of  equity  at,  say,  £s  per  kilowatt. 
His  account  would  then  become — 

£  s,  ± 
"  Contract  demand,"  10  k.w.  at  £$  per  kilowatt      50    o    o 

13,500  units  at  o*95d.  per  unit 53    8    9 

Total       £io3~8~9 

which  represents  i"84d.  per  unit  instead  of  2"86d. 
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The  question  will  naturally  be  asked,  How  does  the  station  know 
that  any  consumer  will  not  exceed  the  demand  he  has  contracted  for  ? 

One  might  reply  that  when  some  companies  quote,  as  they  do  now, 
a  different  flat  rate  for  different  consumers  based  on  what  they  estimate 
their  load  factor  is  likely  to  be,  they  back  their  judgment  and  take  the 
risk.  Although  this  is  now  done  every  day  and  appears  to  work  to  the 
satisfaction  of  the  companies  employing  this  method,  we  do  not  con- 
sider it  one  to  be  recommended.  It  would  be  preferable,  therefore, 
to  insert  in  every  house  a  "  limit  indicator,"  the  function  of  which  is 
to  throw  a  resistance  into  the  circuit,  and  thus  indicate  to  the  consumer 
by  a  reduction  in  the  brilliancy  of  his  lamps  when  he  is  exceeding  his 
contract  limit. 

If  the  consumer  thinks  that  his  demand  is  not  so  high  as  the  station 
engineer  suggests,  the  latter  will  set  the  instrument  to  a  lower  limit, 
when  the  contract  charge  will  be  correspondingly  reduced.  In  the 
event  of  the  consumer  having  under-estimated  his  contract  demand,  he 
will  soon  ask  for  his  limit  to  be  increased,  when  his  account  will  auto- 
matically increase  in  the  same  way. 

The  point  in  which  this  method  differs  from  the  Wright  system  is 
that  tbe  consumer  can  determine  his  own  maximum,  and  unless  he  asks 
for  his  limit  to  be  raised,  he  knows  within  a  little  just  exactly  what  his 
bill  for  current  is  to  be.  He  cannot,  as  with  the  maximum  demand 
system,  inadvertently  switch  on  a  number  of  lights  for  an  hour  or  so 
with  the  result  that  he  finds  that  he  has  a  much  higher  bill  than  the 
previous  quarter  when  he  used  the  same  number  of  units.  That  he  had 
under  these  circumstances  to  pay  a  higher  bill  might  be  quite  just,  but 
it  is  precisely  because  the  average  consumer  could  not  be  got  to  see  this, 
that  tbe  system,  admirable  as  it  is,  has  been  given  up  in  many  districts. 

On  the  new  plan  if  he  exceeds  his  demand  he  knows  it,  and  has 
cither  to  reduce  it  or  to  apply  to  the  station  to  have  his  Hmit  indicator 
set  higher,  thereby  acknowledging  that  his  requirements  are  greater 
and  therefore  should  be  paid  for  accordingly. 

It  appears  to  us  that  the  method  is  one  which  appeals  to  all  consumers, 
and  its  advantages  to  the  stations  are  obvious.  All  pay  their  fair  pro- 
portion, whether  short-  or  long-hour  consumers,  whether  the  current  t>e 
used  in  the  small  lamp  for  lighting  or  the  large  lamp  for  heating,  the 
desirable  long-hour  consumer  is  encouraged,  and  those  with  a  very 
had  load  factor  either  pay  their  proportion  or  go  o£E  the  main  to  make 
room  for  more  profitable  consumers. 

There  is  every  inducement  to  use  radiators  and  cooking  apparatus. 

When  an  electric  kettle  can  be  t>ought  as  an  ordinary  article,  taken 
home  and  plugged  into  any  of  the  ordinary  plug  sockets,  the  demand 
will  be  such  that  the  price  will  quickly  come  down  and  their  use 
increase  at  compound  interest  rate,  for  as  long  as  they  are  used  in 
Mich  a  way  as  not  to  increase  the  load  beyond  the  contract  limit,  the 
only  ctiarge  will  be  the  small  one  for  so  much  additional  current,  in  the 
case  of  the  station  above  referred  to,  for  instance,  o*95d.  per  unit.  The 
contract  rental  will,  of  course,  be  regulated  to  suit  the  prevailing  condi- 
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tions,  and  include  the  ordinary  meter  rental,  which  will  disappear. 
Special  circuits  and  meters  for  heaters  and  motors  will  also  be  no 
longer  necessary. 

If  still  more  economical  lamps  are  introduced,  thus  reducing  the  ag- 
gregate of  consumers'  contract  demands,  the  contract  rental  per  kilowatt 
will  be  raised.  If  the  gradual  expansion  of  the  station  reduces  the  cost 
per  kilowatt  of  contract  demand,  the  rental  per  kilowatt  will  be  reduced. 

It  may  be  objected  that  in  some  of  the  examples  given  at>ove  the 
charge  for  current  for  motors  appears  high.  The  answer  is,  that  if 
motors  have  the  right  to  come  on  the  mains  at  any  time,  the  current 
consumed  by  them  must  be  paid  for  at  the  same  rate  as  the  current  for 
lighting  under  the  same  conditions ;  it  is  only  when  the  motor  current 
does  not  increase  the  peak  load  that  it  should  be  charged  at  a  lower  rate. 

It  is  an  undoubted  fact  that  many  stations  are  now  penalising  their 
lighting  consumers  to  supply  current  for  power  and  heating  at  low 
rates,  and  if  the  demand  for  such  power  increases,  the  price  as  com- 
pared with  the  price  for  lighting  current  would  have  to  be  raised. 

It  is  not  as  though  it  were  true,  as  is  sometimes  assumed  for  the 
purpose  of  fixing  charges,  that  energy  for  power  purposes  is  used  in 
daylight  only  and  lighting  current  after  dark.  The  two  overlap,  and 
it  is  just  as  reasonable  to  let  the  lighting  consumer  have  current  at 
a  low  rate  because  he  uses  the  machinery  at  night,  when  it  would  other- 
wise be  doing  nothing,  as  the  day  load  is  shut  down,  as  to  let  power 
consumers  have  power  current  at  a  price  which  only  covers  the 
works  cost. 

If,  on  the  other  hand,  in  a  special  case  a  power  consumer  were  to 
undertake  to  use  his  motors  only  between  certain  hours,  he  would 
thereby  enable  the  station,  for  the  same  capital  expenditure,  to  supply 
a  larger  aggregate  of  demand,  thus  reducing  the  price  per  kilowatt  of 
contract  demand.  He  would  then  be  entitled  to  charge  at  a  lower 
contract  rental  per  kilowatt. 

Although  in  our  opinion  the  use  of  a  limit  indicator  is  the  best 
method  of  working  the  system,  it  is  obvious  that  it  can  be  dispensed 
with,  and  the  contract  rental  arbitrarily  fixed  by  the  station,  as  is  now 
being  done  in  the  case  of  varying  flat  rates,  or  an  ordinary  maximum 
demand  indicator  can  be  installed  and  the  consumer  informed  that  the 
contract  rental  will  be  so  much,  provided  that  the  indicator  does  not 
show  that  the  assumed  contract  demand  has  been  exceeded  at  any 
period  during  the  whole  year.  This  latter  arrangement,  although  at 
first  sight  similar,  differs  fundamentally  from  Mr.  Andrews'  and  Mr. 
Ruthven  Murray's  systems  in  that  the  rental  is  not  dependent  on  the 
demand  as  shown  on  the  maximum  demand  indicator,  but  is  the  same 
each  quarter  of  the  year,  this  instrument  being  merely  introduced  to 
show  whether  the  agreed  contract  demand  has  been  exceeded.  It  is, 
however,  open  to  the  same  objection  referred  to  above,  namely,  that  the 
limit  may  be  exceeded  and  the  contract  rental  thus  increased  without 
the  consumer,  who  cannot  be  expected  to  watch  his  demand  indicator 
all  day,  being  any  the  wiser. 
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The  present  paper  does  not  pretend  to  put  foward  any  new  facts  or 
investigations,  nor  do  we  suggest  that  the  subject  matter  is  novel ;  our 
object  is  to  endeavour  to  focus  the  present  position,  to  bring  out  clearly, 
among  other  things,  the  new  factors  introduced  into  the  electrical 
industry  by  the  advent  of  high-efficiency  lamps,  to  show  the  possi- 
btHUes  of  a  heating  load  in  a  residential  district,  given  a  suitable  method 
of  charging,  and  to  induce  a  thorough  discussion  of  the  subject  generally, 
as  we  believe  that  the  time  has  arrived  when  much  is  to  be  gainoi 
by  a  general  exchange  of  views  on  the  subject. 

The  original  method  of  charging  for  electrical  energy  was  based  on 
a  false  analogy  with  gas.  During  the  quarter  century  that  has  elapsed 
since  it  was  formulated,  the  conditions  have  completely  changed,  and 
the  advent  of  the  new  lamp  renders  it  absolutely  necessary  that  the 
whole  question  should  be  reconsidered. 

If  as  a  result  of  the  discussion  the  Institution  comes  to  the  conclusion 
that  a  change  is  desirable,  there  is  no  doubt  that  the  Board  of  Trade 
would  be  found  ready,  as  it  always  is,  to  bring  about  such  alterations  as 
it  may  consider  in  the  best  interests  of  all  parties  concerned 

ADDENDUM. 

The  following  particulars  of  an  interesting  system  adopted  by 
Mr.  P.  W.  Long,  City  Electrical  Engineer  of  Norwich,  may  be  of 
interest. 

Private  consumers  in  Norwich  have  the  option  of  taking  a  supply 
either  at  a  flat  rate  of  4|d.  or  on  an  "  assessment  tariff.'*  This  tariff 
consists  of  a  fixed  charge  of  12  per  cent,  upon  the  nett  assessment  of 
the  house  and  id.  per  unit  for  all  airrent  used.  The  system  possess 
many  of  the  practical  advantages  of  the  one  suggested  in  the  paper,  in 
that  it  encourages  the  long-hour  consumer,  and  also  the  use  of  radi- 
ators, kettles,  &c.,  without  requiring  a  separate  meter.  Mr.  Long 
informs  us  that  "  the  result  has  t>een  that  people  have  used  considerably 
more  current  and  that  radiators  are  becoming  popular."  He  is  quite 
satisfied  with  the  working. 

Only  a  few  weeks  have  elapsed  since  this  paper  was  written,  but 
much  has  happened  meantime.  Two  metallic  filament  lamps  are 
now  being  sold  for  one  carl>on  filament  lamp,  and  many  matters  that 
were  then  surmise  can  now  t>e  tested  by  actual  results,  and  a  fairly 
close  answer  given  to  many  of  the  points  raised.  These  results  entirely 
coofinn  our  views  as  regards  the  individual  consumer,  and  they  also 
demonstrate  that  the  effect  of  metallic  filament  is  so  complex  that 
generatiiation  is  impossible. 

On  no  two  stations  are  the  effects  the  same ;  in  some  cases  the  first 
quarter  oi  this  year  has  been  better  than  ever  ;  in  others,  the  normal 
rate  of  increase  has  not  been  maintained  ;  while  others  again  report  a 
lower  peak  load  than  in  1907.  From  the  very  fact  that  the  "light 
supplying  capacity  "  of  stations  has  been  doubled  or  trebled  at  a  stroke, 
the  demand  for  new  plant  will  be  small  until  matters  have  rc-adjustcd 
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themselves.  As  against  this,  the  lamp  makers  will  reap  a  well-earned 
harvest  of  their  labours,  and  installation  contractors  will  share  their 
prosperity.  For  the  investor  in  electric-light  undertakings,  there  is  the 
re-assurance  that  any  dislocation  can  only  be  of  a  purely  temporary 
nature,  as  even  if  the  consumer,  who  now  pays  5d.  per  unit,  for 
instance,  were  called  upon  to  pay  double  that  amount,  his  electric  light 
would  even  then  cost  him  less  than  it  did  with  carbon  filaments.  This 
is  a  fact  we  must  always  keep  before  us. 

Provided  that  the  situation  is  properly  dealt  with,  as  it  doubtless 
will  be,  it  is  a  fact  that  leaves  room  for  no  fear  as  to  the  future,  for, 
after  all,  electric-light  stations  must  be  judged,  not  by  "  units  sold,"  but 
by  "  dividends  paid." 

Discussion  in  London. 

Mr.  Wright.  Mr.  A.  Wright  :  I  am  very  glad  to  have  the  opportunity  of  ex- 
pressing the  thanks  of  probably  all  central  station  men  to  the  authors 
for  bringing  this  very  important  subject  forward  for  discussion,  because 
I  believe  we  all  realise  the  serious  position  we  a»e  in  unless  we  handle 
the  metallic  filament  proposition  carefully.  In  my  opinion  the  answer 
to  the  question.  How  will  it  affect  the  central  station  undertakings  in  this 
country?  entirely  depends  on  the  men  and  how  the  proposition  is 
managed.  If  it  is  left  entirely  to  the  wiring  contractor,  I  think  that  for 
the  next  two  or  three  years  we  shall  have  quite  a  bad  time,  as  they 
obviously  have  no  interest  in  keeping  up  revenues  ;  but  if  the  central 
station  men  take  it  up,  and  insist  on  people  having  more  light  for  the 
same  current  instead  of  a  less  bill  for  the  same  light,  it  is  quite  possible 
that  we  may  counteract  the  revenue  reducing  properties  of  the  metallic 
filament.  It  is  quite  possible  to  do  this  by  judicious  advertising. 
For  instance,  we  have  immediately  to  counteract  the  effect  of 
the  advertisements  we  see  every  day  :  "  Get  the  same  light  with 
70  per  cent,  reduction  on  your  bill."  We  ought  in  reply  to  say, 
"  Get  three  times  as  much  light  for  the  same  bill " ;  and  unless  we 
do  that,  I  do  not  think  we  shall,  speaking  from  very  considerable 
experience,  counteract  the  effect  of  the  present  attractive  advertisement. 
There  is  one  other  point  I  want  to  discuss  in  relation  to  the  gas  question 
mentioned  by  the  authors, 'and  that  is,  we  must  remember  the  great 
advantage  gas  companies  have  over  electric  light  companies,  in  the  way 
of  having  no  restrictions,  or  by-laws,  or  fire  rules,  either  Government 
or  self-inflicted.  I  think  we  have  done  our  industry  a  very  great  deal  of 
harm  in  being  too  ready  to  try  to  make  the  service  absiurdly  safe.  We 
ought  at  once  to  follow  the  lines  of  the  gas  companies  and  trade  ia 
their  broad  manner,  leaving  the  fire  insurance  offices  to  look  after 
those  risks. 

Again,  with  regard  to  the  economic  effect  of  the  metallic  filament 
lamps,  we  must  not  overlook  the  enormous  increase  of  field  for  business 
that  this  new  discovery  presents  to  us.  It  brings  into  our  field  a  type  of 
consumer  that  I  think  many  of  us  have  considered  beyond  the  range  of 
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ooaunercial  politics.  The  increased  market  is  so  much  larger  now  that  Mr.  Wright. 
I  do  oot  feel  the  metallic  filament  lamp  will  do  any  harm  to  the  electric 
sappty  andertaking,  and  possibly  the  consumption  of  current  will  be 
Tastly  increased.  There  is  one  effect  that  I  think  has  not  been  perhaps 
sufficieatly  emphasised  in  this  paper,  the  enormous  reducing  power  on 
costa»  of  an  increased  output  from  a  station.  Most  of  our  power  stations 
can  sapply  an  extra  quantity  of  electrical  energy  at  a  very  much  lower 
cost  than  the  average  cost  they  are  now  suppl3ring  at ;  in  other  words, 
the  increment  cost  of  extending  our  business  is  nothing  like  the  present 
average  cost.  I  would  like  to  take  one  case  with  which  I  am  familiar 
which  probably  represents  to  an  extreme  degree  many  other  under- 
takings in  this  country.  Take  Marylebone,  for  instance,  where  the 
average  cost  is  4^.  We  can  double  our  output  there  by  an  increase  of 
8  per  cent  on  our  capital,  and  if  we  double  our  output,  our  average  cost 
woakl  go  down  to  lid.  So  that  it  is  obvious  we  must  do  everything  in 
a  case  like  that  to  increase  the  output,  and  nothing  in  the  way  of 
restricting  or  making  the  business  more  difficult  to  obtain  must  be 
entertained.  The  other  point  I  wanted  to  mention  was  this  question 
of  why  most  of  us  feel  justified  in  charging  less  for  power  supply 
than  lighting,  although  both  may  occur  at  the  peak  time.  It  is 
really  because  of  the  greater  diversity  factor  of  motors  compared 
with  lamps.  A  1,000  k.w.  of  load  at  the  station  can  handle  many 
more  kilowatts  of  motors  at  the  peak  than  it  can  of  lights,  because 
a  motor's  load  is  not  necessarily  continuous  at  peak  or  any  other 
time.  In  the  East  End  of  London,  I  believe,  Mr.  Tapper  has  found 
that  the  diversity  factor  among  motors  is  something  like  4,  whereas 
in  a  purely  lighting  business  it  is  certainly  never  more  than  i^. 
Motors  are  rarely  constantly  fully  loaded  like  lamps  are.  There  is  one 
disadvantage  which  handicaps  us  as  compared  with  the  gas  industry, 
and  that  is  the  high  cost  of  connection  to  the  consumers.  At  present 
it  nearly  costs  as  much  per  kilowatt  to  connect  a  house  as  it  costs  to 
build  a  power  station  ;  and  while  we  are  taking  all  the  trouble  to  reduce 
the  cost  of  the  power  station  capital,  nothing  up  to  now  has  been  done 
to  reduce  the  equally  important  cost  of  house  connection.  I  hope  some 
day  we  shall  be  able  to  have  one  service  per  block,  and  some  means  of 
cither  overhead  supply  to  the  different  tenements  or  outside  wall  con- 
ductors, in  fact,  anything  to  avoid  this  £9  or  ^10  per  service,  which  is 
so  fatal  to  the  supply  of  current  to  small  consumers. 

Mr.  H.  Hirst  :  My  mind  is  very  full  at  present  of  this  subject,  and  Mr.  Hint. 
I  have  listened  with  great  interest  to  the  figures  and  statements 
which  the  authors  have  put  before  us  this  evening.  They  have  made 
mc  feel  somewhat  uncomfortable.  I  do  not  wish  just  now  to  go  into 
the  characteristics  of  the  osram  lamp,  as  perhaps  might  have  been 
expected  from  me ;  but  I  wish  really  to  refer  to  a  few  points  which 
have  been  mentioned  in  the  paper.  The  authors  also  give  some 
figures  as  regards  the  life  of  the  tungsten  lamp.  The  life  of  the 
ttingstcn  lamp  in  practical  experience  surprises  all  makers  of  carbon 
lamps,  being  considerably  longer  than  the  life  of  carbon  lamps.    The 
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Mr.  Hirst  statements  which  are  made  about  series  running  in  connection  with 
tungsten  lamps  do  not  apply  to-day.  The  authors  mention  the  con- 
ditions under  which  series  lamps  are  running,  although  it  is  true  they 
refer  to  tantalum  lamps.  But  better  arrangements  have  been  provided 
for  running  osram  lamps  in  series.  It  is  not  left  to  the  consumer  to 
pair  them  as  he  likes.  The  lamps  are  paired  and  marked  accordingly 
in  the  factory.  The  variation  in  current  consumption  during  the  life 
of  the  osram  lamp  is  so  small,  and  the  pairing  so  accurate,  that  if  one 
lamp  out  of  two  burning  in  series  should  fail  it  can  be  replaced  by  one 
of  equal  scries  number  without  necessitating  to  throw  away  both 
as  has  been  suggested.  One  may  put  a  new  Lamp  in  series  with  the 
old  lamp  and  they  will  both  run  perfectly  weU.  At  one  period  there 
was  a  little  trouble  about  this,  due  to  a  mistake  in  a  factory,  which 
has  been  entirely  overcome  since.  Without  wishing  to  go  into  details, 
I  notice  an  apparent  grievance  on  the  part  of  the  authors  that  the 
lamp  maker  is  making  too  much  money  out  of  the  metal  filament 
lamp.  I  think  the  metal  filament  lamp  is  such  a  tremendous  asset 
to  the  electric-light  industry  that  it  ought  to  be  welcomed  by  every- 
body. It  is  the  lamp  makers  who  lose  most  at  the  beginning.  In 
the  first  place,  they  have  to  allow  heavy  depreciation  for  their  existing 
carbon  filament  lamp  works ;  they  have  had  considerable  expense 
in  connection  with  patents,  or  in  bu3ring  experience,  as  the  case 
may  be,  and  it  will  take  many  years  of  good  prices  before  their 
risks  are  covered.  I  therefore  think  that  as  the  station  engineers 
are  the  ones  who  will  ultimately  benefit  most  by  it,  the  least  they 
can  do  is  to  contribute  somewhat  to  that  capital  expenditure  which 
is  wanted  for  the  benefit  of  the  whole  electrical  industry,  and  to  my 
mind  their  capital  expenditure  consists  in  the  momentarily  reduced 
takings  which  may  be  received  in  some  stations.  From  the  figures 
the  authors  have  given  us,  it  will  be  seen  that  we  are  only  taking  six 
millions  per  year  for  electric  lighting  in  this  country,  against  twenty- 
seven  millions  taken  by  the  gas  companies.  There  is,  therefore,  plenty 
of  room  for  fighting  the  gas  companies.  As  a  side  issue  not  without 
interest,  ll  would  like  to  use  this  occasion  to  make  public  an  effort 
of  mine  in  that  connection.  When  I  felt,  some  twelve  months 
ago,  that  I  was  likely,  on  behalf  of  the  companies  with  which  I 
am  connected,  to  control  these  metal  filament  lamps  I  had  the 
idea  of  asking  fifteen  central  station  engineers  in  London  whether 
it  would  not  be  a  good  thing  if  they  were  to  take  up  iVe  supply  of 
metal  filament  ilamps  to  the  contractors,  for  the  contractors  under 
their  instructions  to  introduce  them,  and  to  direct  th>  policy  to 
such  an  extent  that  the  metal  filament  lamps  would  be  i^ed  for  the 
first  few  years,  when  the  supply  is  rather  limited,  fo?  absolutely 
fighting  gas  rather  than  to  let  it  go  into  the  ordinary  |tiectric-light 
installations.  I  thought  it  was  a  good  idea ;  the  staticin  engineers 
thought  it  was  an  idea  for  my  own  benefit,  and  it  fell  tck  the  ground. 
I  think  if  it  liad  been  taken  up  seriously  by  one  set  iof  engineers 
I  should  have  been  encouraged  to  approach  others,  and  iVt  would  have 
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been  2  very  wise  thing  in  the  common  interests.    It  has  not  been   ^'*  H^<* 
appreciated,  and  we  have,  in  consequence,  certain  troubles. 

Mr.  C.  BoTTOMLEY  Smith  :  Without  detracting  from  the  excellent 
sjTslem  of  contract  demands  which  the  authors  propose  to  put  forward, 
from  experience  I  think  it  would  be  very  unpopular  from  the  con- 
sumer's point  of  view.  I  have  had  considerable  experience  of  the 
mtoiinQm  charge,  and  having  done  away  with  the  minimum  charge, 
aod  having  foand  the  benefit  of  doing  away  with  it,  I  think  the 
impositioQ  of  a  contract  demand  on  consumers,  which  is  practically 
an  increased  minimum  charge,  would  have  a  very  detrimental 
effect  on  the  indostry.  I  can  hardly  agree  with  Mr.  Arthur  Wright's 
figure  of  jgio  per  house  service  ;  I  think  it  could  probably  be  done  for 
mnch  less  than  that  But,  without  doubt,  the  question  of  the  house 
•errice  is  the  serious  question  that  will  affect  us,  if  we  look  to  doubling 
or  trebling  the  number  of  consumers  so  as  to  make  up  for  the  probable 
I06S  in  revenue  owing  to  the  adoption  of  metallic  filament  lamps  by 
the  coQsomers  already  connected.  With  regard  to  the  system  at 
Hastings  of  charging  los,  per  lamp  per  annum  plus  i^d.  per  unit,  it 
wcoid  appear  that  as  most  undertakers  are  only  empowered  to  make 
a  minimum  charge  of  13s.  4d.  per  quarter,  equivalent  to  ao  units  at 
Sd.,  there  might  be  a  difficulty  in  enforcing  this  charge  in  cases  where 
ttic  actual  consumption  does  not  reach  the  number  of  units  at  8d., 
eqttivaient  to  the  assessed  amount. 

Mr.  W.  R.  Rawungs  :  It  is  not  often  that  a  paper  is  read  before 
this  Institution  which  induces  a  large  number  of  contractors  to  be 
present.  Probably  Mr.  Arthur  Wright  was  of  the  same  opinion,  and 
overlooked  the  fact,  or  he  would  perhaps  have  modified  some  of  the 
statements  which  he  has  made  this  evening.  From  the  contractor's 
point  of  view,  I  think,  if  there  is  one  thing  more  than  another  which 
has  puzzled  and  upset  the  average  consumer  it  is  the  Wright  indicator. 
I  ooce  fitted  an  installation  which  consisted  of  al>out  100  lamps, 
and  it  mattered  not  what  the  consumer  did,  he  always  had  to  pay 
Td.  a  unit  Another  installation  which  had  about  50  lamps  was 
fitted  by  another  contractor,  and  that  consumer  managed  to  get 
through  at  4id.  a  unit.  There  are  many  systems  in  existence  for 
charging  for  electricity.  In  addition  to  the  Wright  system,  there  is 
ooe  used  in  Kensington  which  was  introduced  by  Mr.  Erskine,  of  the 
Kensington  and  Knightsbridge  Company,  and  while  the  principle  is  a 
good  one  the  consumer  has  a  great  deal  of  difficulty  in  understanding 
it*  He  understands  it  at  the  end  of  his  first  financial  year,  which  is  a 
bttle  late  to  get  new  consumers,  and  therefore  the  system  suffers  some* 
what  from  the  point  of  view  of  extending  business.  The  Wright  system, 
the  Erskine  system,  and  others  now  in  use  do  not  in  my  opinion  bring 
about  that  which  is  necessary,  namely,  the  economical  use  oif  the  energy 
aod  of  the  wires  which  are  installed  in  the  houses.  There  are  a  number 
of  installations  in  Kensington  where  there  are  no  less  than  three  meters, 
three  main  switches,  three  double-polo  fuses,  and  three  sets  of  fuse* 
boards ;  while  one  set  of  meters,  switches,  and  fuse-boards  would  t>e 
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Mr.  sufficient  to  meet  the  whole  of  the  requirements.    The  triplicating  of 

Rawiings.  ^^^  wires  and  apparatus  is  brought  about  by  the  present  absurd  system 
of  charging.  The  consumer  may  use  the  energy  at  any  time,  as  the 
authors  have  pointed  out,  but  it  is  this  multiplication  of  wires  and 
apparatus  which  checks  the  development  of  the  industry.  We  have 
from  time  to  time  consumers  asking  us  for  an  electric  kettle  or  a  food- 
warmer,  for  example,  but  when  told  they  will  have  to  pay  4id.  or  5d.  a 
unit  for  the  energy  unless  they  have  a  meter  and  a  set  of  wires  put  in  for 
it  they  give  up  the  idea  of  using  such  apparatus,  and  consequently  the 
manufacturers,  suppliers  of  energy,  and  the  contractors  suffer.  The 
authors'  system  encourages  the  use  of  small  apparatus,  and  I  think 
meets  the  requirements  of  user  and  producer.  I  have  collected  some 
figures  which  will,  I  think,  go  to  prove  that  the  system  proposed  by 
them  stands  on  a  good  financial  basis.  I  took  the  readings  of  24 
meters  of  different  consumers  in  Kensington,  whose  requirements  I 
know  personally,  and  therefore  I  am  fairly  well  able  to  judge  what 
their  maximum  demand  in  kilowatts  is  likely  to  be.  A  boarding  house 
which  has  49  lamps  installed  consumes  33  units  per  8-c.p.  lamp  annually. 
This,  it  will  be  admitted,  is  a  good  consumer  from  the  station  ix)int  of 
view.  As  it  is  a  large  house  with  a  small  number  of  lamps  installed 
two-thirds  of  the  lamps  installed  would  be  a  fair  maximum  demand. 
Taking  this  as  the  "contract  demand"  at  £1^  per  kilowatt  and  id.  per 
unit  for  the  electricity  consumed,  I  found  that  the  bill  would  have 
amounted  to  426  shillings  for  the  year  as  against  694  shillings,  which 
the  consumer  is  now  paying,  showing  a  saving  of  268  shillings  for  the 
year.  Then  I  took  another  consumer,  whp  is  a  bad  consumer  from  the 
lighting  station  point  of  view,  namely,  8  units  per  8-c.p.  lamp,  with  176 
lamps  installed.  In  the  house  there  is  a  lamp  in  every  hole  and  comer 
— a  very  good  customer  for  the  contractor,  but  a  bad  one  for  the  supply 
company.  In  this  case  I  estimated  that  one-third  of  the  lamps  installed 
would  well  cover  all  requirements,  and  calculating  this  on  the  same 
basis  as  before,  namely,  £is  per  kilowatt  demanded  and  id.  per  unit, 
the  charge  would  have  been  715  shillings  for  the  year,  whereas  at  the 
present  time  he  pays  634  shillings,  or  an  increase  of  81  shillings.  In 
my  opinion  these  two  cases  prove  the  soundness  of  the  authors'  pro- 
posals. I  have  a  very  large  number  of  figures  from  which  I  could 
quote,  but  I  may  say  that  the  average  of  the  24  consumers  is  15  units 
per  8-c.p.  lamp,  and  if  two-thirds  is  taken  as  the  "contract  demand" 
the  average  cost  would  be  384  shillings  as  against  353  shillings  at  5id. 
per  unit.  There  is  one  point  which  I  think  the  authors  have  over- 
looked in  their  paper,  and  that  is  making  provision  for  special  illumina- 
tion, say,  for  parties  and  similar  events.  It  is  common  practice  in  the 
West  End  of  London  to  have  annual  parties,  or  sometimes  two  or  three 
parties  a  year,  when  the  contractors  are  often  called  upon,  not  only  to 
turn  on  every  lamp  in  the  house,  but  also  to  put  in  lights,  perhaps,  for 
a  temporary  ballroom,  thus  increasing  the  load  over  100  per  cent,  above 
the  usual  requirement.  It  therefore  seems  to  me  that  to  make  the 
scheme  complete  they  should  have  some  method  of  charging  a  fee  to 
cut  out  the  demand  indicator. 
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Mr.  F.  M.  Long  (Norwich):  There  is  no  doubt  that  the  authors  Mr. Long, 
have  brought  before  us  a  most  interesting  subject,  and  as  they  have 
referred  at  the  end  of  the  paper  to  Norwich,  it  would  be  of  interest 
perhaps  if  I  gave  a  few  particulars  about  the  system  adopted  in  that 
dty.  About  eighteen  months  ago  I  had  to  consider  the  question.  We 
were  prepared  then  to  make  a  certain  amount  of  reduction  to  con- 
sumers, but  not  to  the  extent  of  id.  a  unit.  I  wanted  at  the  same  time 
to  encourage  those  consumers  who  were  profitable  to  us  and  also  to 
encourage  the  use  of  radiators  and  heating  appliances  in  the  private 
houses.  It  occurred  to  me  then  that  if  we  could  fix  the  standing  costs 
in  some  definite  way — perhaps  on  the  assessment  of  the  house — it  would 
have  many  advantages.  I  went  into  the  matter,  and  took  a  number 
of  consumers'  houses,  and  put  the  consumptions  for  a  year  against 
the  rateable  values.  At  first  sight  there  appeared  to  be  very  little  con- 
nection between  the  two  :  some  large  houses  used  a  small  number  of 
units  only  and  some  small  houses  a  comparatively  large  number.  I 
then  grouped  these  houses  according  to  the  rateable  value ;  for 
instance,  houses  up  to  £1$  were  put  together,  and  those  from  £1^ 
to  j^20,  from  ;£20  to  £y}f  and  so  on.  I  took  the  aggregate  units  for 
each  group  and  divided  by  the  aggregate  of  the  rateable  values,  and  I 
found  I  got  just  the  same  figure  for  each  group  ;  that  is  to  say,  I  found 
that,  on  the  average,  the  consumption  came  to  about  7  units  per  £  of 
the  assessment,  for  small  as  well  as  for  large  houses.  This  showed  that 
the  rateable  value  was  on  the  average  a  measure  of  the  consumption, 
and  since  the  load  in  all  private  houses  is  of  a  very  similar  nature,  it 
follows  that  the  rateable  value  is  also  a  measure  of  the  average  maxi- 
mnm  demand  of  a  house,  and  can  therefore  be  used  as  a  basis  for 
determining  the  amount  of  the  standing  charges  that  each  house 
khould  pay.  I  found  that  if  we  were  to  charge  10  per  cent,  on  the 
rateable  value  and  id.  per  unit  we  should  get  the  same  income  as 
before.  Inasmuch,  though,  as  some  consumers  would  not  gain  any 
advantage  by  this  system,  and  would  therefore  remain  on  the  flat  rate,  I 
thought  it  was  better  to  put  it  a  little  higher,  and  we  fixed  the  amount 
at  12  per  cent,  on  the  assessment  and  id.  per  unit.  The  system 
was  started  at  the  beginning  of  1907,  so  that  we  have  had  fifteen 
months'  experience  of  it.  The  advantages  are,  as  stated  in  the 
paper,  that  only  one  system  of  wires  is  necessary  throughout  the 
bouse.  There  are  no  meter  rents,  and  the  consumer  knows  within  a 
very  amsdl  amount  what  his  bill  is  likely  to  be  per  year,  consequently 
there  is  very  much  less  dissatisfaction.  About  400  consumers  started 
oa  this  s>*>tem,  but  the  number  is  now  about  800.  At  the  end  of 
twdvc  months  I  made  a  comparison :  there  were  about  250  that 
had  been  on  the  whole  of  the  previous  year  with  whom  a  fair  com- 
parison could  be  made.  I  found  that  these  250  consumers  increased 
Ibetr  consumption  20  per  cent. ;  at  the  same  time  the  amount  of 
revenue  received  from  them  was  reduced  by  £328,  that  is  a  20  per 
cent-  reduction  ;  they  brought  in  3* id.  per  unit  instead  of  4*5d.  before. 
I  kboold  point  out,  however,  that  those  who  came  in  first  were  the 
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Mr.Loofr      ones  that  would  get  the  most  advantage  out  of  the  system,  and  the 
others  who  have  come  on  since  have  not  obtained  so  much  reduction  ; 
in  fact,  many  have  very  much  increased  their  consumption  and  are 
paying  more  than  before.    We  pointed  out  to  them,  that  under  this 
system  it  would   be  much  cheaper  for  them  to  wire  every  room 
in   the  house   rather  than   to    use  gas  or   candles   in  some   parts. 
In  addition    to  that    we  have  supplied   over  120    radiators,    which 
have  a  very  useful  load.     They  are  used  mostly,  I  think,  in  bed- 
rooms, and   I   do  not    think  they  come  very  much  on   the   peak. 
It  is  rather    difficult   for    me  to   know   how  much  the   maximum 
load  is  affected  by  this   S3rstem,  as  there  are  no  demand  indicators 
in  the  houses.    However,  I  compared  the  output  on  Sunday  evenings 
(which  is  nearly  all  private  house  lighting)  for  December  last  year 
with   the  year   before,  and   I  found   there  was  only  about   ij  per 
cent,  increase  in  the  maximum  load,  whereas  there  has  been  about 
8  per  cent,  increase  in  the  consumption,  so  that  it   looks   to   me 
as   though    we    were   getting    a   decidedly  better    load    factor    for 
the  private  houses  than  we  had  before.    I  do  not  think  the  sugges- 
tion of  contract  demand  is  so  suitable  for  a  private  house  as  the 
basis    I    have  taken  of    the  assessment      What    is,  I    think,    more 
reasonable  is   to  charge  on  the  basis  of  the  normal  demand,  and 
this  is  on  the  average  very  well  represented— at  any  rate  in  Norwich 
— by  a  percentage  on  the  rateable  value.     Business  premises  have 
to  be  treated  in  a  different  way ;  the  assessment  cannot  be  taken 
as  a  basis  for  charging,  and  in  such  cases  I  have  already  in  a  small 
way  practically  adopted  the  S3rstem  which  has  been  suggested  by  the 
authors,  taking  the  maximum  demand  of  the  place  and  charging  at  the 
rate  of  ;£io  per  kilowatt  and  id.  per  unit.    I  found  this  very  useful  in 
a  number  of  cases  as  a  means  of  giving  a  reduction  to  those  consumers 
who  are  good  consumers  from  our  point  of  view.   Under  such  a  system 
there  is  the  question  as  to  whether  the  consumer  will  increase  his  load 
after  he  has  settled  on  it.    I  do  not  think  limiting  arrangements  are 
altogether  satisfactory.    A  better  plan,  if  one  can  adopt  it,  is  to  include 
the  maintenance  of  the  lamps  in  the  charge.    One  then  sends  round 
periodically  and  it  can  be  ascertained  exactly  how  many  lamps  a  man 
has  in  his  place.    In  many  cases  that  gives  greater  satisfaction,  espe- 
cially with  some  of  the  small  consumers,  where  they  will  not  trouble 
to  maintain  the  lamps  properly.    They  like  to  have  a  fixed  charge  to 
cover  everything,  and  we  find  that  has  worked  very  well.    A  fixed 
charge    and    id.  a  unit   gives   one  considerable    scope.     One    can 
charge  the  £10  per  kilowatt  for  ordinary  lighting,  but  for  such  things 
as  signs  and  advertisements  generally,  which  it  is  desirable  to  en- 
courage, one  can  charge  rather  a  lower  rate,  say  £s  a  kilowatt, 
and  all  the  current  can  go  through  the  same  meter.    I  think  it  is  a 
very  important  thing  to  avoid  a  great  number  of  meters. 
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Adjourmed  Discussion,  April  23,  1908  (London). 

Mr.  Charles  P.  Sparks  :  Personally  I  welcome  the  metallic  filament  Mr.  Sfwics. 
lamp  as  being  the  greatest  step  forward  in  the  supply  business  that  we 
have  seen  for  the  last  twenty  years.  The  authors  suggest  that  the 
coming  of  this  lamp  which  consumes  only  one-third  the  energy  per 
candle-power  of  the  cart>on  filament  lamp  is  going  to  be  a  great  handi« 
cap  to  the  supply  business.  They  suggest  that  the  gas  companies  were 
heavily  hit  by  the  introduction  of  the  mantle,  and  from  that  draw  the 
inference  that  we  are  going  to  be  hit  in  the  same  way.  I  do  not  agree 
wUfi  that  assumption,  as  the  gas  companies  had  possession  of  a  much 
larger  field  at  the  time  the  mantle  was  introduced,  and  in  consequence 
the  introduction  of  the  mantle  did  arrest  their  progress ;  the  gas  con- 
sumption did  not  go  back,  but  it  did  not  advance  as  quickly  as  it  had 
been  advancing  before.  In  the  case  of  electric  lighting  many  of  us 
have  only  scratched  the  ground,  and  we  have  a  much  wider  field 
offered  us  through  the  introduction  of  this  metalhc  filament  lamp. 
Again,  I  do  not  agree  with  the  authors  with  regard  to  the  question  of 
the  field.  They  have  put  it  to  us  that  it  will  not  pay  owing  to  the  very 
high  cost  of  connecting  the  small  consumer.  There  is  an  enormous 
number  of  moderate-sized  consumers  that  it  will  pay  us  to  connect, 
whom  we  have  not  yet  connected.  Further,  with  regard  to  the  question 
oi  the  standard  of  lighting,  people  pay  a  certain  amount  for  illumination. 
In  the  past  they  may  have  been  paying,  say,  ;£3  or  ;£4  a  year,  and  they 
will  still  continue  to  pay  in  the  vicinity  of  that  figure.  It  is  not  neces- 
sary for  them  to  cut  down  their  bill  for  lighting  to  £1  los.  or  £1,  On  the 
other  hand,  if  an  improvement  is  introduced  which  entails  increased  cost 
in  lighting,  it  will  have  a  reaction,  and  a  man  who  is  prepared  to  pay 
i^3  or  ;^  a  year  for  his  lighting  will  not  pay  £6.  I  am  hopeful  that 
the  metallic  filament  lamp  will  mean  that  the  standard  of  lighting  will 
be  again  raised.  Then  as  to  the  different  classes  of  business,  I  think 
the  metallic  filament  lamp  will  have  the  greatest  effect  on  the  private 
lighting  business.  Small  companies  supplying  principally  private 
fighting  will  suffer  a  certain  set-back,  but  for  companies  or  local 
aatborities  suppljring  large  areas  with  a  mixed  class  of  business,  public 
and  private,  I  am  sure  the  metallic  filament  lamp  will  mean  a  general 
advance  and  increased  prosperit}'  to  the  industry.  One  word  with 
regard  to  the  tariff.  In  the  paper  the  maximum  demand  system  and 
other  tariffs  are  suggested  in  order  to  get  over  the  difficulty  we  meet 
with  through  being  unable  to  store  our  energy.  Mr.  Arthur  Wright's 
system  has  been  alluded  to  in  the  course  of  the  discussion.  I  have  the 
greatest  possible  appreciation  of  Mr.  Wright's  methods  and  papers,  and 
for  the  way  in  which  he  has  educated  us,  but  1  do  feel  that  we  owe 
him  a  grudge  in  the  fact  that  he  ever  invented  the  demand  indicator. 
Unfortunately  a  large  number  of  us  used  this  demand  indicator  some 
years  ago.  Its  use  has  now  become  almost  extinct  The  difficulties, 
not  only  of  the  wpply  company,  but  of  the  consumer,  when  these 
uKlicator5  were  used  on  any  large  scale,  were  very  great    I  think  one 
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Mr.  Sparks,  of  the  principal  reasons  that  business  has  gone  ahead  of  late  years  has 
been  the  simplification  of  the  tariff.  A  very  ingenious  system  was 
suggested  during  the  course  of  the  discussion,  which  is  also  men- 
tioned in  the  paper — namely,  that  of  charging  a  fixed  amount  on 
the  rateable  value  of  the  property,  and  a  low  price  per  unit  for  the 
energy  consumed.  That  is  a  sort  of  tariff  that  can  be  applied  in  small 
towns  by  local  authorities,  but  a  company  could  not  apply  such  a 
system.  The  public  are  sufficiently  worried  by  existing  "rates"  for 
public  purposes. 

Mr.stearn.  Mr.  C.  H.  Stearn  :  I  fully  agree  with  the  authors  that  the  most 

easy  and  satisfactory  transition  from  carbon  to  metallic  filament  lamps 
is  made  on  alternating-current  circuits  by  the  use  of  auto-transformers, 
for  in  that  case  we  have  a  lamp,  as  they  have  pointed  out,  mechanically 
strong,  or  at  least  comparatively  mechanically  strong,  and  cheaper  in 
price  ;  we  can  use  our  small  units ;  in  fact,  we  have  to  adapt  the  voltage 
to  the  lamp  instead  of  the  lamp  to  the  voltage,  which  is  a  very  much 
easier  matter.  But  when  we  come  to  direct  currents  or  to  alternating 
currents  without  the  use  of  transformers  we  have  a  much  more  difficult 
problem  before  us.  Owing  to  the  low  specific  resistance  of  all  metallic 
filaments,  it  is  impossible  to  use  them  in  any  other  way  than  in  series, 
whereas  with  carbon  filaments  of  a  high  specific  resistance  parallel 
lighting  is  what  they  are  most  adapted  for.  There  is  no  other 
way  of  using  metallic  filaments  except  in  series,  and  they  are  equally 
in  series  whether  we  (a)  collect  a  number  of  filaments  in  one  bulb, 
whether  (6)  we  place  each  filament  in  a  separate  glass  enclosure, 
and  then  collect  them  on  a  common  base,  or  whether  (c)  we  dis- 
tribute those  small  units  at  a  distancg  from  one  another  connected 
in  series.  The  disadvantage  of  the  first  two  methods  is  that  the 
higher  the  voltage  the  larger  must  be  the  unit  of  light  that  is  con- 
centrated in  one  spot.  That  is  not,  of  course,  the  most  efficient 
method  of  lighting,  but  if  we  do  this  we  have  a  choice  of  two  things  : 
either  we  must  collect  all  the  filaments  in  one  bulb  or  we  must  place 
them  in  several  It  seems  to  me  that  if  we  place  each  filament  in  a 
separate  enclosure,  and  then  assemble  those  filaments  on  a  common 
base,  the  maintenance  of  the  lamps  becomes  much  more  economical. 
If  they  are  all  collected  in  one,  the  higher  the  voltage  the  higher  is  the 
price  of  the  lamp,  and,  unfortunately,  at  the  same  time  the  more  delicate 
it  becomes.  A  lamp  may  cost  5s.,  6s.,  7s.,  8s.,  or  9s.,  and  five  minutes 
after  it  is  put  up  it  may  be  ruined  by  some  accident,  and  therefore  a 
comparatively  large  sum  is  lost  at  once.  If  each  filament  is  contained 
in  a  separate  vessel  (tubular  vessels  are  the  best,  as  it  permits  of  placing 
them  closer  together),  which  is  then  placed  on  a  common  base^  if  one 
is  lost  it  is  a  small  loss.  Suppose,  for  instance,  we  take  a  loo-volt  lamp, 
consisting  of  five  20-volt  filaments,  and  the  lamp  costs  5s.  Suppose, 
then,  that  each  filament  is  put  in  a  separate  tube,  the  cost  of  which  is 
IS.  each,  (he  price  would  be  the  same  for  the  perishable  part  of  the 
lamp.  These  filaments  are  exceedingly  delicate.  It  must  be  remem- 
bered that,  as  compared  with  carbon,  they  are  on  an  average  about 


190a]  AND  NEW  LAMPS:   DISCUSSION.  867 

three  times  the  length  and  one  twenty-fifth  of  the  section  for  the  same  Mr.  stearn. 
candle-power  at  the  same  voltage,  and  if  there  is  the  smallest  flaw  of 
any  description  in  one  filament  the  whole  lamp  is  lost  at  once.  But  if 
the  filaments  are  isolated,  then  the  average  life  of  the  lamp  is  enor- 
motxsly  increased.  I  should  like  to  give  the  result  of  one  experiment 
which  I  made.  I  do  not  mention  it  as  a  typical  one  of  the  duration  of 
lamps,  but  it  illustrates  the  point  I  want  to  make  with  regard  to  the 
cost  A  group  of  five  of  these  filaments  enclosed  in  separate  tubes  was 
combined  to  form  a  lamp  of  loo  volts.  At  600  hours  one  filament 
broke,  and  of  course  that  would  have  meant  the  loss  of  the  whole  lamp 
under  ordinary  circumstances.  That  filament  was  renewed,  and  after 
2vooo  hours  a  second  failed.  That  was  renewed,  and  at  2,600  hours  a 
third  failed.  The  experiment  was  not  carried  farther.  At  the  end  of 
that  time  we  had  two  filaments  that  had  run  the  whole  time  and  we  had 
renewed  three.  Supposing  it  had  cost  5s.  originally,  that  meant  that 
we  had  spent  8s.  for  2,600  hours  instead  of  5s.  for  600  hours.  In  prac- 
tice one  would  probably  not  get  such  durations  as  that  as  an  average, 
bot  the  experiment  illustrates  the  point  sufiiciently,  that  it  is  much 
cheaper  to  enclose  the  filaments  separately  instead  of  collecting  them 
all  ni  one  vessel. 

Mr.  P.  Still  :  The  authors'  suggested  scheme  of  charging  based  on  Mr  stui. 
a  contract  demand  is  very  interesting  and  ingenious,  and  I  think  from 
the  point  of  view  of  providing  an  adequate  return  on  the  capital  in- 
vested in  making  provision  for  the  supply  to  each  individual  consumer, 
it  is  satisfactory.  The  convenience  which  it  may  provide  in  doing 
away  with  the  necessity  of  using  more  than  one  meter  in  the  case  of  a 
consumer  who  wishes  to  make  use  of  the  supply  for  different  pur- 
poses is  also,  I  think,  a  great  point  in  its  favour.  In  view  of  this 
and  other  advantages,  it  was,  therefore,  with  very  great  regret  that,  on 
reading  through  the  paper,  I  came  to  the  conclusion  that  the  system  of 
charging  suggested  was  not  practicable.  I  think  it  offers  at  least  two 
very  serious  difficulties  and  objections.  The  arbitrary  fixing  of  the 
contract  demand  by  the  electricity  supply  manager  would  be  a  very 
difficnlt  matter  indeed,  and  I  feel  sure  it  would  lead  to  constant  and 
tntenninat>le  discussions  and  difficulties  with  the  consumer.  When 
one  sees  the  application  form  from  a  customer,  on  which  the  par- 
ticnlars  are  stated  as  to  the  number  of  lamps  and  other  apparatus  for 
which  the  supply  may  be  required,  it  is  quite  impossible  to  form  any 
idea  as  to  what  the  load  will  be  on  which  the  contract  demand  system 
should  be  based.  More  particularly  in  the  case  of  private  house 
lighting,  whatever  knowledge  the  electricity  supply  manager  may 
think  he  has  of  the  district,  it  is  impossible  to  form  an  opinion  from 
the  number  of  lamps  declared  as  to  what  proportion  are  likely  to  be 
generally  used.  That  proportion  will  depend  upon  the  particular 
habits  of  that  consumer,  upon  the  manner  in  which  the  installation  has 
been  wired,  and  upon  whether  it  has  been  liberally  lamped  or  sparingly 
lamped.  The  candle-power  of  the  lamps,  too,  is  a  very  uncertain 
qnanttty,  because  frequently  8-c.p.  lamps,  which  are  declared  in  the 
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Mr.  Sim.  first  place,  are  subsequently  altered  to  lamps  of  higher  candle-power 
when  necessity  arises.  With  regard  to  the  efi&ciency  of  lamps,  par- 
ticularly at  the  present  time,  it  is  a  matter  of  great  uncertainty  as  to 
whether  carbon  filament  lamps,  metallised  filaments,  tungsten,  tan- 
talum, or  any  other  type  of  lamp  may  be  made  use  of,  and  also  as  to 
how  these  may  be  subsequently  changed  by  the  consumer.  The 
uncertain  and  irregular  use  of  heating  and  other  electrical  apparatus 
is  another  point  which  would  add  to  the  difficulty  of  fixing  the  contract 
demand.  It  is  true  that  the  authors  propose  the  use  of  a  limit  indicator 
to  get  over  the  these  difficulties,  but  I  feel  sure  that  any  such  apparatus 
would  not  only  be  unsatisfactory  in  its  working  and  expensive  to  main- 
tain, but  that  it  would  also  lead  to  other  serious  difficulties  with  the 
consumer.  The  second  objection  which  I  foresee  to  this  system  is 
that  any  system  of  charging  based  upon  a  contract  demand  pre- 
supposes a  fairly  regular  annual  use  of  the  supply  by  the  customer. 
This  may  be  workable  in  the  case  of  shops  and  certain  business 
premises,  but  in  the  case  of  private  house-lighting — certainly  in  the 
London  residential  districts — it  would  be  an  impossibility.  Private 
houses  in  these  districts,  unfortunately,  use  the  supply  in  a  very 
irregular  manner.  Many  of  these  houses  also  change  their  owner- 
ship fairly  often  in  London,  and  such  consumers  would  have  the 
greatest  objection  to  agreeing  to  a  system  of  charging  based  upon 
a  regular  annual  use  of  the  supply.  In  the  case  of  power  supplies  to 
factories,  of  course  the  matter  is  a  very  difiFerent  one,  and  a  system 
based  upon  a  charge  per  kilowatt  and  a  reasonable  charge  per  unit 
slightly  in  excess  of  the  cost  price  may  work  very  well,  but  for  private 
house  lighting  I  think  there  is  no  doubt  whatever  that  what  the 
consumer  wants  is  a  flat  rate.  I  should  prefer  to  have  various  flat 
rates  for  various  classes  of  supply,  and  though  the  system  may  not  be 
perfect,  it  at  least  has  the  merit  of  simplicity  and  straightforwardness. 

Mr^^^^  ^  Mr.  Leonard  Andrews  :  I  gather  from  the  remarks  of  previous 

speakers  that  the  general  opinion  is  that  the  authors  have  taken  too 
pessimistic  a  view  of  this  question  of  the  possible  effect  of  metallic 
filament  lamps  upon  certain  supply  stations.  I  quite  agree  that  the 
introduction  of  the  metallic  filament  lamp  is  an  excellent  thing  for 
the  entire  industry,  particularly  for  lamp  makers  and  wiring  contrac- 
tors, and  I  believe  ultimately  for  the  supply  undertakings.  But  I  do 
think  there  is  something  in  the  danger  referred  to,  and  in  that  connec- 
tion I  would  like  to  draw  attention  to  a  note  that  appeared  in  one 
of  the  electrical  papers  a  few  weeks  ago.  This  paper  reported  that  a 
certain  electricity  undertaking  "  anticipates  a  deficiency  of  ;^3,58i  for 
the  year  ending  March  31,  1908.  In  their  Report  the  Committee  state 
that  the  reduced  income  from  private  lighting  is  almost  entirely  due  to 
lower  consumption,  in  consequence  of  the  increased  use  of  metallic 
filament  lamps."  Now  the  gross  revenue  of  this  undertaking  is  less 
than  ;^20,ooo  a  year,  and  two  years  ago  they  made  a  profit  on  fifteen 
months'  working  of  about  ;£2,2oo  or  ;£2,3oo,  say,  at  the  rate  of  about 
;gi,7oo  for  twelve  months,  so  that  there  has  been  an  annual  falling  ofiF 
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in  profits  of  about  £s$ooo,  or  25  per  cent,  of  the  gross  revenue  which  Mr. 
ihc  committee  attribute  chiefly  to  the  introduction  of  the  metallic  fila- 
ment lamp.  To  this  must  be  added  the  loss  of  natural  growth  of 
business  for  the  two  years,  which  for  six  consecutive  years  prior  to  the 
introduction  of  the  metallic  filament  lamp  averaged  over  18  per  cent. 
per  annum.  I  am  inclined  to  think  with  the  author  that,  whereas 
the  large  reduction  of  consumers'  bills  will  undoubtedly  induce  a 
number  of  new  consumers  to  come  on  to  the  supply  mains,  the  capital 
charges  of  connecting  on  new  consumers  will  absorb  such  a  large  slice 
of  the  revenue  from  such  sources  that  it  will  probably  be  impossible 
for  the  undertaking  referred  to  to  regain  its  position  without  increasing 
its  charges,  though  I  admit  this  is  a  course  to  be  deprecated  if  it  can 
possibly  be  avoided. 

The  question  of  systems  of  charging  has  come  in  for  a  good  deal  of 
discussion,  and  it  appears  to  me  that  the  more  we  discuss  the  matter, 
I  will  not  say  the  further  we  get  from  it — but  we  do  not  seem  to  get  any 
nearer  to  it  It  appears  to  me  that  even  a  flat  rate  may  be  really  very 
inequitable.  Wc  know,  for  instance,  that  it  is  impossible  at  the  present 
time  to  sell  current  to  certain  classes  of  consumers  at  a  flat  rate  of 
5d.  per  unit  and  cover  all  charges.  On  the  other  hand,  we  know  it  is 
qmte  possible  to  sell  electricity  for  use  by  other  classes  of  consumers 
at  an  inclusive  rate  of  ^d,  per  unit,  and  to  make  a  big  profit.  It  is 
difficult  to  understand  how  the  advocates  of  a  pure  flat  rate  can 
recoodle  these  admitted  facts.  It  does  seem,  therefore,  that  we 
oogtit  to  get  away  from  the  idea  that  a  unit  of  electricity  is  a  com- 
modity that  can  be  sold  at  a  fixed  price  without  taking  into  considera- 
tioo  the  purpose  for  which  it  is  to  tie*  used. 

The  authors  have  asked  me  to  state  how  the  system  I  introduced 
some  years  ago  at  Hastings,  to  which  they  refer  in  their  paper,  worked 
in  practice.  It  was  entirely  satisfactory  where  the  Wright  system  had 
been  a  complete  failure,  and  I  think  the  reason  it  worked  so  well  was 
that  every  consumer  understood  it.  We  found  at  Hastings  that 
the  effect  of  introducing  this  extremely  simple  basis  of  charging  was 
tliat  the  growth  of  business  during  the  three  years  following  the  intro- 
duction of  the  system  was  greater  than  it  had  t>een  in  the  previous 
fifteen  years,  and,  what  is  more,  the  load  factor  at  the  generating 
station  was  greatly  improved.  We  found  the  current  was  being  used 
intelligently.  Quite  a  number  of  consumers  who  had  previously  used 
electric  lighting  in  their  windows  and  front  shops  only  had  their  base- 
ments wired.  They  used  the  current  in  their  tiasements  in  the  daytime, 
and  when  it  became  necessary  to  light  the  windows,  turned  the  current 
off  in  the  basements  and  lit  the  gas,  thereby  obtaining  all  the  current  for 
the  baMrmentsat  i|d.  per  unit,  and  materially  improving  our  load  factor. 
There  is  one  incidental  advantage  that  the  Hastings  system  shares  with 
the  Norwich  system  descrit>ed  by  Mr.  Long  at  the  last  meeting,  and  that 
is,  with  intelligent  use  cither  system  provides  a  means  of  dealing  with 
the  metallic  lamp  difficulty  since  the  principal  charge  is  based  upon 
the  nominal  light  given  instead  of  upon  the  consumption  of  current. 
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If,  when  it  was  found  that  the  metallic  filament  lamp  had  come  to  stay, 
an  announcement  had  been  made  that  to  encourage  the  use  of  these 
new  lamps  the  maximum  demand  charge  would  be  reduced  from,  say, 
los.  to  7s.  6d.  per  8-c.p.  lamp,  or  its  equivalent  to  consumers  using  a 
reasonable  number  of  metallic  filament  lamps,  and  that  the  flat  rate 
would  be  increased  from  6d.  to  the  statutory  rate  of  8d.,  an  excellent 
boom  might  have  been  made  ouf  of  the  reduction,  and  the  increase  in 
the  flat  rate  would  have  hardly  been  felt,  as  it  would  have  merely 
induced  more  consumers  to  make  application  to  be  charged  on  the 
maximum  demand  basis.  I  am  convinced  that  if  this  course  had  been 
adopted  by  the  undertaking  referred  to  in  my  opening  remarks,  and 
other  causes  of  loss  had  been  steered  clear  of,  they  would  have  been 
in  the  position  of  being  able  to  record  an  increased  profit  instead 
of  a  falUng  ofiF  in  profits  of  approximately  £s$ooo  per  annum.  At  the 
same  time  the  supply  undertaking,  the  lamp  makers,  the  wiring  con- 
tractors, and  the  consumers  would  all  have  benefited  by  the  new 
innovation,  instead  of  the  latter  three  doing  so  at  the  expense  of 
the  former,  as  at  present. 

Mr.  J.  F.  C.  Snell  :  I  take  a  more  optimistic  view  of  the  advent  of 
the  metallic  filament  lamp  than  the  authors  appear  to  do.  I  think  it 
will  be  found  to  be  to  the  electrical  industry  what  the  incandescent 
mantle  has  proved  to  be  to  the  gas  industry.  Some  time  ago  I  took 
some  photometric  tests  of  incandescent  gas  burners,  and  I  found  that 
II  c.p.-hours  per  cubic  foot  were  obtained.  With  gas  at  2s.  6d.  per 
1,000  ft.  that  really  means  that  the  cost  was  o*oo3d,  per  c.p.-hour. 
With  a  I  watt  per  candle-power  metallic  filament  lamp,  that  means 
that  it  is  equivalent  to  electricity  at  3|d.  per  unit,  a  figure  at  which 
a  great  many  stations  are  now  supplying  current  for  lighting,  and 
a  figure  which  I  think  most  of  them  will  reach.  I  cannot  help 
feeling  that  auto-transformers  and  the  fixing  of  lamps  in  series  are 
temporary  expedients,  and  I  am  quite  sure  that  the  inventive  genius 
of  the  lamp  manufacturers  will  produce — in  fact  has  already  pro- 
duced— a  lamp  which  will  work  singly  on  a  200-  to  240-volt  circuit. 
The  authors  refer  to  the  capital  invested  in  gas  undertakings  and 
electricity  undertakings.  Reading  those  figures  one  would  take  a 
very  pessimistic  view  of  the  electrical  industry.  For  instance,  the 
capital  outlay  on  gas  undertakings  is  £^  los.,  and  on  electrical  under- 
takings £7  10s.  per  ;^'i  of  gross  revenue  per  annum ;  but,  fortunately, 
as  the  authors  also  point  out,  the  ratio  of  working  expenses  to  receipts 
is  75  per  cent,  in  the  case  of  gas,  and  only  46*3  per  cent,  in  the  case  of 
electricity.  They  do  not  point  out  that  the  net  profit  from  the  gas 
undertakings  only  averages  5*44  per  cent.,  whereas  in  the  case  of  elec- 
tricity undertakings  the  average  is  6*89  per  cent.  One  might  argue 
that  is  due  to  the  cost  of  electricity  or  the  charges  for  clectricit>'  being 
too  high,  but  I  do  not  think  that  is  really  the  case.  If  gas  undertakings 
were  in  the  position  of  the  majority  of  our  electrical  undertakings,  and 
had  to  pay,  in  addition  to  interest  on  capital,  a  sinking  fund  which, 
together  with  the  interest,  amounts  practically  to  6^  or  6J  per  cent.. 
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one  finds  that  they  could  not  do  it  because  they  would  require  a  net  Mr.  Sneii. 
profit  of  eight  million  odd  pounds  in  order  to  pay  6^  per  cent.,  and  the 
actual  sum  which  they  have  available  is  only  £6,800,000;  whereas 
electricity  undertakings  would  require  3^  millions  practically,  and  it 
will  be  found  that  they  have  3i  millions  with  which  to  do  it.  So  that 
the  electrical  undertakings  appear  to  be  in  a  very  much  better  position 
in  that  respect  than  the  gas  undertakings.  I  am  one  of  the  heretics  who 
differ  from  Mr.  Andrews,  and  also  from  the  authors,  in  believing  that  a 
fiat  rate  after  all,  although  it  is  not  scientifically  the  correct  way,  is 
ctmtwurcially  the  t>est  way  of  charging  lighting  consumers.  I  have  had 
some  years*  experience  in  the  provinces  in  a  town  where  gas  was 
extremely  cheap,  and  I  know  the  very  great  difficulty  I  had  from 
consumers  with  the  maximum  demand  indicator.  Like  many  other 
statioo  engineers,  I  followed  that  fashion,  then  I  adopted  other 
methods,  but  finally  I  was  driven  to  adopt  the  flat  rate  method.  I 
cannot  help  feeling  that,  as  the  supply  of  electricity  becomes  more 
general,  and  is  applied  to  lighting,  heating,  and  power  purposes,  we 
shall  be  in  a  better  position  to  charge  a  uniform  flat  rate,  with  varying 
degrees  of  discount  according  to  the  user  of  the  electricity. 

Mr.  R.  Hammond  :  In  regard  to  the  metallic  filament  lamp,  I  Mr. 
am  thoroughly  with  those  who  believe  that  it  is  a  magnificent  thing 
for  the  industry.  We  have  been  saying  for  the  past  twenty  or  twenty- 
five  years  that  we  should  entirely  abolish  gas  if,  by  various  methods  of 
economy,  wc  could  produce  electricity  cheap  enough.  We  have  made 
a  fight  against  gas  through  all  these  years,  and  at  last  we  find  ourselves 
tn  a  position,  with  the  metallic  filament  lamp,  of  being  able  to  supply 
electricity  in  England  at  practically  a  cheaper  price  than  that  at 
which  gas  is  supplied.  We  have  talked  about  shutting  up  the  gas 
works  in  England  for  a  great  many  years,  and  I  would  like  to  say 
to  the  gas  managers  that  the  invention  of  the  metallic  filament 
lamp  makes  their  tenure  a  very  short  one.  As  long  as  the  Gas  Light 
and  Coke  Company  is  paying  its  big  dividends  I  am  very  happy, 
because  I  realise  thereby  what  an  enormous  field  there  still  is  for 
electricity.  When  Mr.  Cripps  said  last  year  before  a  Parliamentary 
Committee  that  his  clients,  the  Gas  Light  and  Coke  Company,  were 
actually  drawing  jgr, 000,000  from  their  penny-in-the-slot  machines,  I 
at  once  said  what  a  striking  proof  it  was  of  the  immense  advantages 
which  were  coming  to  the  electric  lighting  companies  when  they  were 
able  to  take  over  the  smaller  consumers.  With  regard  to  the  falling  o£f 
in  the  supply  of  ctu-rcnt,  of  course  we  are  going  as  a  first  result  to  get 
smaller  outputs  in  many  places  by  the  introduction  of  the  metallic 
filament  light.  Temporarily  it  is  a  very  hard  thing  for  the  industry.  I 
provided  a  1,500-k.w.  set  at  Hackney  about  fifteen  months  ago.  The 
plans  were  laid  down  in  order  that  it  might  be  working  on  the  ist  of 
December  to  cope  with  the  immensely  increased  load.  Well,  the  load 
did  not  come ;  we  are  only  doing  about  100  k.w.  instead  of  600  or 
700  k.w.  more  than  we  w*cre  a  year  ago.  Of  course  we  shall  get  over 
that  stage,  but  we  must  not  be  surprised  that  the  immediate  effect  will 
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Mr.  be  a  dull  one  for  the  industry.     London  has  not  suffered  very  much  so 

*  far,  which  I  can  prove  from  a  few  figures  I  have  taken  out.  In  1901 
the  number  of  units  turned  out  in  London  was  69  millions,  an  increase 
o^  34  per  cent,  on  the  units  of  the  previous  year ;  in  IQ02  it  was  86 
millions,  an  increase  of  23  per  cent,  beyond  that  of  the  former  year  ;  in 
1903  it  was  Tio  millions,  an  increase  of  27  per  cent.;  in  1904  129 
millions,  an  increase  of  17  per  cent. ;  in  1905  154  millions,  an  increase 
of  19  per  cent. ;  1906  shows  an  increase  of  13  per  cent. — not  a  falling 
off  ;  and  the  next  year,  the  last  year  for  which  I  have  the  returns  up  to 
March  31,  1907,  shows  an  increase  of  12  per  cent.  So  that  we  are  not 
going  back,  and  I  feel  quite  confident  that,  by  the  time  we  have  really 
got  the  metallic  filament  lamps  well  at  work,  immense  good  will  come 
from  them.  The  only  other  point  I  want  to  make  is  this  :  I  am  entirely 
with  the  authors  of  the  paper  in  ridiculing  the  idea  of  charging  for  the 
supply  of  domestic  power,  the  running  of  fans,  heating,  and  the  boiling 
of  kettles — which  is,  I  suppose,  a  form  of  heating — at  a  different  rate 
from  that  of  lighting.  I  can  understand  factories  having  their  povj^r 
at  a  different  rate  in  consequence  of  the  more  favourable  load  factor 
and  the  diversity  factor,  but  I  cannot  understand  the  double-njeter 
system  in  private  houses.  I  think  that  good  will  come  to  the  industry 
by  putting  the  whole  of  the  domestic  demand  upon  one  footing. 

Communicated :  The  point  we  have  to  arrive  at  is  what  is  the  form 
of  charge  which  will  secure  to  the  electricity  undertaking  the  most  pro- 
fitable class  of  consumer.  Wc  are  all  agreed  that  that  class  is  the  one 
that  uses  the  light  the  longest  number  of  hours.  Some  seem  to  be 
under  the  impression  that  this  consumer  can  be  best  obtained  by  a  flat 
rate.  I  entirely  dissent  from  those  who  hold  this  opinion.  The  flat 
rate  is  the  form  of  charge  which  tends  to  encourage  the  short-hour 
consumer,  since  by  it  he  obtains  his  electricity  at  lower  than  cost,  the 
loss  upon  his  consumption  being  put  upon  the  long-hour  consumer. 

My  strong  opinion  is  that  the  authors  are  working  on  the  right 
lines,  and  that  their  proposed  contract  demand  system  is  one  which 
would  abolish  many  of  the  unpleasantnesses  connected  with  the  Wright 
maximum  demand  system.  I  see,  however,  some  objection  to  a  system 
which  might  entail  a  constant  source  of  anxiety  upon  the  consumer, 
and  I  welcome  Mr.  Long's  bright  idea  that  each  consumer  should  be 
charged  a  rental  based  upon  the  assessment  value  of  his  house  and  in 
addition  a  small  running  charge.  The  desire  of  the  consumer  to  know 
exactly  what  his  electricity  is  going  to  cost  would  almost  be  entirely 
satisfied  by  the  general  application  of  this  system,  as  he  could  very 
easily  be  made  to  understand  what  would  be  the  probable  addition  in 
respect  of  running  charges  for  the  amount  of  electricity  consumed. 

I  trust  that  the  outcome  of  this  debate  will  be  a  determined  attempt 
on  the  part  of  the  leaders  of  the  industry  to  get  the  Board  of  Trade  to 
insert  into  their  next  Electricity  Bill  a  provision  enabling  the  electricity 
supply  undertakings  throughout  the  kingdom  to  make  a  fixed  charge, 
whether  by  means  of  a  **  rate  per  kilowatt  of  maximum  demaud  "  or  by 
a  proportion  of  the  assessment  of  the  premises. 
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With  regard  to  the  "  fixed  rate  per  kilowatt  of  maximum  demand  "   Mr. 
this  has  figured  in  all  the  recent  power  Acts  and  Bills,  and  is  included      *"^ 
in  the  three  Bills  of  this  Session. 

Mr.  L.  Gaster  :  At  the  present  time  two  distinct  views  seem  to  be  Mr.  Caster, 
taken  of  the  probable  influence  of  the  metallic  lamps.  On  the  one 
hand,  it  is  urged  that  consumers  will  be  able  to  obtain  the  same 
amount  of  light  for  a  smaller  energy  consumption,  and  will  therefore 
decrease  the  revenue  of  the  supply  company.  On  the  other  hand, 
it  is  urged  that  consumers  will  be  educated  to  use  more  light  than 
previously,  and  thereby  extend  the  use  of  electricity. 

My  own  view  is  that  for  the  present  some  compromise  between 
these  effects  will  take  place,  and  the  gradual  development  of  glow 
lamps  from  high  candle-power  and  low  voltage,  through  various  grada- 
tions, to  low  candle-power  and  high  voltage,  will  smooth  the  path  of 
jopply  companies. 

As  the  authors  truly  state,  the  maximum  demand  system  has  been 
a  frequent  source  of  trouble  to  the  consumer,  and  I  would  point  out 
one  respect  in  which  I  think  his  confidence  might  be  nurtured.  When 
the  maximum  demand  system  and  the  alternative  flat  rate  are  submitted 
to  the  consumer,  as  it  is  done  in  many  places,  he  should  l>e  informed 
that  his  bill,  by  adopting  the  maximum  demand,  system  will  never 
exceed  what  it  would  have  been  if  he  had  chosen  the  flat  rate.  By 
this  means  he  is  encouraged  to  adopt  the  more  scientific  system  which 
the  company  prefers,  and  is  rightly  guaranteed  to  l>enefit  by  t)eing 
2  long-hour  consumer;  under  no  consideration  will  he  have  to  pay 
more  than  his  neighbour,  who  chooses  the  simpler  flat  rate  system, 
except  in  the  form  of  rental  for  the  additional  instruments. 

I  should  like  to  comment  upon  the  suggestions  made  by  many  that 
"  electricity  should  be  pushed  still  more  for  heating  and  cooking  pur- 
poses." and  to  suggest  that  this  field  might  be  left  to  gas  companies, 
as  It  must  l>e  remembered  that  an  industry  in  which  as  much  as 
I30  million  pounds  is  invested  is  not  likely  to  allow  electricity  to  take 
lU  place  for  lighting  purposes  unless  it  can  see  a  fair  prospect  of  remu- 
oerative  extension  in  other  directions.  In  reality,  I  think  it  ought  to 
be  recognised  that  certain  spheres  of  action  are  specially  favourable 
both  to  gas  and  electricity,  and  some  system  of  mutual  co-operation 
and  assistance  is  greatly  preferable  to  unreasonable  and  unwarranted 
interference  in  legitimate  fields  of  enterprise* 

I  also  disapprove  of  the  indiscriminate  pushing  of  electricity  and 
the  new  metallic  lamps  in  all  directions,  whether  the  best  thing  to  be 
employed  in  the  circumstances  or  not,  and  wish  to  advocate  the  educa- 
tion of  canvassers  in  matters  of  illumination.  They  should  be  able 
actually  to  assist  the  consumer,  and  also  to  understand  the  merits  of 
other  S3r5iems  of  illumination  besides  that  in  which  they  arc  specially 
mterested.  In  reality,  it  ought  now  to  be  recognised  that  it  is 
asaally  too  much  to  expect  the  central  station  engineer,  who  lias 
enough  to  do  at  the  station,  to  be  also  the  business  manager  and  to 
attcod  to  Ibe  requirements  at  the  consumers'  end. 
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Mr.  K.  A.  Scott  Moncrieff  :  There  is  one  point  in  the  paper  on 
which  I  desire  to  make  a  remarki  namely,  the  fear  the  authors  express 
that  the  cost  of  the  service  to  small  consumers  will  have  a  deterrent 
efiFect  upon  the  industry.     I  think  one  may  safely  say  that  though  the 
cost  of  the  service  has  been  much  reduced  of  late  there  is  still  great 
scope   for  reduction.    Another  point  with  regard  to  the  small  con- 
sumers is  that  hitherto   I   think   when  we   have  tried   to    get  small 
consumers  we  have  obtained  the  very  small  ones — such  as  municipal 
dwellings  where  the  landlord   puts  in  the  light  whether  the  tenant 
wants  it  or  not.     But  there  is  a  large  number  of  houses  of  a  bigger 
description,  say  the  £^5  a  year  house,  where  wc  have  great  sco|>e 
for   business  of   a  paying  nature.     It  is  a  matter  of  regret  to    me 
that  the  authors  have  not  given   some  description  of  the  apparatus 
they  propose  for  dealing  with  contract  demand.     It  seems  to  me 
that  this  proposal  resolves  itself  into  practically  a  heavy  meter  rental 
and  a  low  charge  for  electricity.    Possibly  one  could  devise  a  meter 
which,  when  it  reached  its  maximum  rated  output,  would  either  go  at 
double  speed  or  switch  on  to  another  train  of  wheels  to  be  charged  at  8d. 
a  unit    When  reading  the  paper  I  happened  to  have  on  my  table  an 
ordinary  load  curve,  and  it  occurred  to  me  to  apply  the  reduction  to 
that  load  curve.    The  result  was  that  I  cut  off  the  peak  ;  I  got  the  best 
curve  I  had  ever  seen  from  the  generating  point  of  view,  but  I  also  cut 
off  all  the  profit.    The  day  load  on  that  curve  was  motors.     1  think 
perhaps  we  do  not  realise  that  vast  progress  has  been  made  in  the 
motor  load,  particularly  in  the  north  country.     I  was  looking  through 
some  statistics  to-day  to  follow  this  up,  and  I  hit  upon  DarUngton.     In 
Darlington  38  per  cent,  of  the  output  went  to  tramways,  38  per  cent, 
to  lighting,  and  24  per  cent,  to  the  motor  load.    In  the  five'  years  in 
which  it  will  take  this  metallic  filament  lamp  to  estabUsh  itself  that 
motor  load  is  not  going  to  stand  still.    Another  point  is  that  lighting 
by  metallic  filaments  will  reach  further  and  will  obtain  a  much  better 
diversity  than  our  present  lighting  provides.    There  is  a  great  field  in 
that  way  for  extending  the  use  of  electric  light,  also  by  making  it  so 
cheap  that  people  will  waste  it ;  this  will  bring  down  the  obnoxious 
peak  in  the  load.    When  that  time  comes  we  may  hope,  particularly 
in  the  North  and  in  commercial  towns,  to  get  a  very  much  better  load 
factor.    The  lighting  would  then  be  an  incident  in  the  diversity  of  the 
load,  not  the  predominant  part  of  it.    ^ 

Mr.  E.  T.  RuTHVEN-MuRRAY  :  I  should  like  to  have  heard  from  the 
authors  some  particulars  of  their  tests  on  auto-transformers,  the  use  of 
which  I  also  regard  entirely  as  a  temporary  expedient.  I  have  heard  it 
stated  that  their  power  factor  is  very  low,  not  more  than  50  per  cent  in 
most  cases.  If  that  were  so  it  would  be  serious  from  the  point  of  view 
of  the  alternating-current  station  ;  but  from  tests  I  have  made,  while  it 
appears  the  power  factor  may  be  as  low  as  07  at  low  loads,  it  rises  to 
nearly  unity  at  full  load.  The  authors  say  they  have  come  to  the  conclu- 
sion that  small  consumers  do  not  furnish  a  satisfactory  load  and  cannot 
be  profitably  supplied.    Among  the  various  small  supply  undertakings 
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bdongiog  to  my  Distribution  Company  there  is  one  little  town,  which  I  Mr. 
believe  has  more  lamps  connected  per  inhabitant  than  any  other  in  the  Murray!* 
coontry,  in  which  no  less  than  23  per  cent,  of  the  consumers  are  free 
wired  or  rent  their  wiring.  Five  years  ago  the  return  on  the  capital 
ooUay  was  16  per  cent,  but  it  has  dropped  slowly  until  during  the  past 
year  it  was  about  12^  per  cent.  While  12^  per  cent,  can  be  earned 
opoa  the  capital  expended  on  free  and  rental  wired  consumers,  I  think 
the  business  worth  taking  up,  especially  in  districts  in  which  otherwise 
progress  would  be  very  slow.  Absolutely  free-wired  installations 
cofist:»ting  of  about  six  lights  are  a  paying  investment  to  the  supply 
station  because  of  the  very  large  consumption  per  8-c.p.  lamp  wired 
In  such  installations  lamps  are  only  put  where  they  will  be  used  for 
ioog  hours,  and  from  our  returns  I  find  that  something  like  22  units  per 
H  cp.  connected  are  consumed  in  these  free-wired  installations.  I 
regret  that  the  cost  of  the  new  lamp  makes  it  impossible  to  retain  a 
*  free-lamp  **  scheme,  in  which  lamps  are  supplied  in  lieu  of  discount 
for  prompt  payment  of  account  Such  a  scheme  assists  the  supply 
Nation  very  materially,  because  the  consumers  never  omit  to  replace 
bomt-oot  lamps  or  those  giving  poor  light.  Various  systems  of 
charging  are  referred  to  in  the  paper.  In  my  opinion  the  real  reason 
the  maximum  demand  system  has  given  so  much  trouble  is  because 
wiring  contractors  cannot  or  will  not  understand  it.  I  know  districts  in 
which  the  consumer  has  the  option  of  paying  either  a  flat  rate  or  on 
the  maximum  demand  system,  and  it  is  only  necessary  to  know  the 
contractor ':»  name  to  tell  which  rate  will  be  filled  in  on  the  application 
form.  The  authors  refer  to  Section  19  of  the  Electric  Lighting  Act  of 
1882,  and  say,  in  view  of  its  provisions,  they  do  not  understand  why  a 
consumer  should  pay  one  price  for  lighting  and  another  price  for 
power.  Are  they  aware  that  in  many  recent  Orders  the  4th  Schedule 
prescribes  both  a  flat  rate  of,  say,  yd.,  and  yd.— 2d.  on  the  maximum 
demand  system  for  lighting,  and  for  power  and  all  other  purposes 
another  rate  of  probably  24d.  per  unit?  With  regard  to  the  very 
lomple  fixed  rental  system  of  charging,  Mr.  Andrews'  Hastings  scale 
was  equivalent  to  £1$  per  kilowatt,  and  i|d.  per  8-c.p.  lamp.  If  the 
demand  indicators  are  calibrated  in  thirtieths  of  a  kilowatt  at  the 
declared  pressure,  each  division  will  represent  an  8-c.p.  lamp  taking 
33-3  watts,  and  this  is  a  convenient  method  of  calibrating  the  indi- 
cators. On  this  system  the  fixed  charge  should  be  kept  high  and  the 
energy  charge  low,  because  the  advertising  value  of  keeping  the 
charge  for  the  metered  units  low  is  enormous.  With  regard  to  the 
author  s  "  contract  demand, "  I  should  be  sorry  to  have  the  responsibility 
of  fixing  this  for  any  consumer !  As  an  alternative  I  would  suggest 
letting  the  consumer  fix  his  own  demand*  This  could  easily  be  done 
by  providing  an  attachment  to  the  maximum  demand  indicator  to 
enable  the  consumer  himself  to  fix  his  demand  Umit,  and  to  increase 
hot  not  to  decrease  his  demand.  If  his  demand  at  any  time  exceeded 
the  UmiU  he  fixefl,  warning  would  be  given  by  the  ringing  of  a  bell  or 
by  bringing  into  action  a  flickering  device  or  resistance  such  as  the 
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authors  have  shown.  Thereon  the  consumer  could  either  switch  off  some 
lights  or  other  apparatus  or  increase  his  contract  demand,  but  in  any 
case  he  will  know  his  normal  demand  is  being  exceeded. 

Mr.  F.  Gill:  I  propose  to  confine  my  remarks  entirely  to*  the 
question  of  rating,  and  to  assume  for  the  moment  with  the  authors  that 
it  is  desirable  to  consider  the  question  of  rating  and  to  take  some  steps 
to  adjust  electricity  tariffs.  I  have  not  studied  electric  light  rating, 
but  I  have  during  the  last  few  years  had  to  make  a  special  study  of 
rating  as  regards  telephone  work,  and  I  think  some  of  the  lessons 
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learned  in  that  connection  apply  with  equal  force  to  a  consideration  of 
rating  for  lighting  systems.  It  seems  to  me  that  a  maximum  demand 
system  of  any  kind  acts  as  a  discouragement  to  the  consumer  to  put  in 
lamps  or  other  devices  which  he  may  not  use  for  long-hour  purposes. 
Many  persons  with  experience  of  the  maximum  demand  system 
have  given  it  up  and  have  adopted  either  a  fiat  rate  or  else  a  sliding 
scale.  It  is  clear  from  first  principles  that  if  the  flat  rate  be  adopted, 
some  consumers  obtain  their  supply  at  less  than  actual  cost,  while 
others  are  charged  too  heavily  ;  the  sliding  scales  in  force  do  not  seem 
really  to  meet  the  case  if  the  object  of  their  authors  is  to  approximate 
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somewhat  nearly  to  a  correct  incidence  of  charge  because,  so  far  as  I   Mr.  giil 
am  able  to  judge,  the  range  over  which  the  scales  slide  is  insignificant. 

The  diagram  (Fig.  N)  illustrates  the  very  important  difference  in  this 
respect  between  telephone  and  lighting  practice.  A  and  B  represent 
two  published  lighting  scales,  and  the  third  curve  is  a  scale  for  tele- 
pbone  service.  The  curves  are  carried  out  to  4,000  units  per  quarter 
for  lighting,  and  4,000  calls  per  arinum  for  the  telephone  ;  the  average 
price  at  4,000  is  called  unity,  and  the  curves  show  the  relative  cost  at 
which  the  average  unit  or  call  is  sold,  according  to  the  quantity  taken. 

In  case  A  the  price  commences  at  4|d.  per  unit  and  falls  by  suc- 
cessive instalments,  being  purchased  at  4d.  after  400  units,  and  3|d. 
after  800  units,  until  at  4,000  units  the  average  price  is  3.65d.  per  unit. 
In  case  B  the  price  commences  at  5d.,  after  300  units  the  balance  is 
purchased  at  3^.,  and  at  4,000  the  average  price  is  3*6id.  per  unit.  In 
the  telephone  case  the  minimum  number  of  calls  is  500  at  2*88d.  per  call, 
.ind  the  price  for  further  calls  successively  falls,  so  that  at  4,000  the 
average  price  is  o*86d.  per  call.  The  three  are  sliding  scales,  but  it  is 
dear  that  the  telephone  **  slides "  much  more  than  do  the  other  two. 
If  a  consumer  reduces  his  consumption,  say,  by  25  per  cent.,  from  4,000 
to  3,000,  the  increase  in  the  average  price  per  unit  is  in  case  A  i^  per 
cent.,  and  B  i  per  cent.,  an  increase  which  is  useless,  while  in  the 
telephone  case  the  increase  is  15  per  cent. ;  in  the  same  way,  if  the 
CDosumption  falls  by  50  per  cent,  from  4,000  to  2,000,  the  increase  in 
the  average  price  is  for  A  4  per  cent.,  B  3  per  cent.,  and  in  the 
telephone  case  46  per  cent 

Of  course  the  telephone  scale  only  does  to  some  extent  what  the 
mail  mum  demand  and  contract  demand  systems  do,  but  I  think  it  does 
it  in  a  simpler  way ;  it  takes  into  consideration  the  standing  charges, 
the  cost  of  getting  ready  to  serve,  and  then  the  lower  subsequent  cost  of 
giving  the  service  after  it  has  been  established ;  the  same  scale  is 
appropriate  to  the  large  as  well  as  to  the  small  consumer — the  larger  the 
use  the  lower  is  the  average  price  per  call. 

Mr.  R.  BoRLASE  Matthews:  In  the  course  of  their  paper  the  iir. 
authors  say  that  "  it  is  very  doubtful  if  there  are  many  districts  where  *'»"*»«*^ 
the  number  of  consumers  could  be  quickly  doubled,  whatever  may  be 
the  result  in  the  long  nm."  A  statement  to  which  exception  may  be 
taken,  since  there  are  very  few  places  in  this  country  where  the  revenue 
could  not  t>e  very  largely  increased,  say  in  two  years,  if  a  properly 
organised  Publicity  Department  adapted  to  local  requirements  were 
inaugurated.  The  period  of  two  years  is  mentioned  because  it  takes 
pretty  well  one  year  to  get  such  a  department  into  proper  working 
order,  and  to  educate  the  inhabitants  of  the  district  to  the  required 
point. 

The  authors  refer  to  the  cost  of  an  electric  service  toeing  £5  to  ;^6. 
This  is  a  figure  that  will  have  to  be  reduced.  One  company  in  the 
neighbourhood  of  London  has  already  brought  its  average  service  con- 
nection cost  down  to  £^  Reliable  meters  for  house  service  can  now 
he  obtained  for  £2  or  less  each,  and  prepayment  meters  at  £1  los. 
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Mr.  each,  so  that  there  are  good  prospects  of  reducing  this  serious  item 

'^^      to  some  extent 

Tariffs  will  have  to  be  stated,  if  they  are  to  be  best  appreciated  by 
consumers,  in  three  different  ways,  to  suit  (i)  householders,  (2)  shop- 
keepers, (3)  power  users. 

That  iFor  the  householders  must  meet  with  the  conditions  that — 

{a)  It  is  immaterial  how  many  lamps  are  connected,  and  should 
encourage  the  use  of  electricity  alt  over  the  house. 

(6)  There  must  be  no  restriction  as  to  use  that  checks  waste  on 
the  part  of  the  consumer. 

(c)  It  must  be  simple,  easily  understood,  and  be  such  that  the  cost 

of  current  may  be  readily  estimated  in  advance. 

(d)  One  circuit  only  will  be  needed  for  lighting,  heating,  cooking, 

and  power. 

(e)  One  meter  only  is  required  for  all  household  purposes. 

These  are  not  easy  conditions  to  comply  with,  and  do  not  at  first 
sight  appear  to  fall  in  with  the  ideal  requirements  of  supply  from  the 
central  station  standpoint.  It  is  much  easier  to  lay  down  the  require- 
ments from  the  consumers'  point  of  view,  than  to  suggest  a  tariff  that 
will  comply  with  them. 

The  tarifif  for  the  shopkeepers  can  best  be  based  upon  the  use  of  an 
hour  meter  for  the  window  and  outside  lighting,  with  discounts  for 
excess  use  of  over  a  certain  number  of  hours  ;  and  also  either  an  hour 
meter,  or  a  basis  similar  to  that  suggested  for  charging  house  consumers, 
for  the  interior  lighting,  heating,  etc.,  such  a  system  being  readily 
understood,  easily  calculated  in  advance,  and  encouraging  after-business 
hour  lighting  for  advertising  purposes.  The  rate  on  the  hour-meter 
system  would,  of  course,  be  determined  by  the  capacity  of  the  apparatus 
connected  on  a  "  readiness  to  serve  "  and  "  cost  of  generation  "  basis. 
If  the  hour-meter  rate  can  also  be  made  to  include  the  cost  of  trimming 
of  arc  lamps,  it  will  lead  to  an  increased  use  of  the  lamps.  • 

The  method  in  which  the  tariff  for  the  power  users  is  expressed, 
need  not  be  simphfied  to  the  extent  that  is  necessary  for  householders 
and  shopkeepers,  as  power  users  are  more  accustomed  to  scales  of 
charges  that  deal  with  discounts  for  increased  use  and  steady  average 
demand. 

In  reference  to  the  various  systems  of  charging  at  present  in  vogue, 
the  authors  say  that  many  engineers  often  overlook  the  fact  that  it  may 
be  more  profitable  at  times  to  let  a  very  short-hour  unremunerative 
consumer  go.  This  may  be  so,  but  the  fact  must  not  be  forgotten  that 
the  loss  of  a  consumer  is  a  very  bad  advertisement  for  the  undertaking, 
and  often  prevents  other  consumers  from  coming  on. 
Mr.  Mordey  Mr.  W.   M.   MoRDEY :    I   would    like    to  make  one    very   small 

suggestion  in  the  direction  of  simplicity  of  words,  and  it  is  that  we 
should  call  these  metallic  filament  lamps  **  wire  lamps."  1  think  it 
would  be  better,  now  that  we  have  got  this  new  lamp,  to  simplify  its 
name,  and  call  it  what  it  is,  a  wire  lamp,  using  a  simple  one-syllablq 
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Anglo-Saxon  word.  I  agree  with  those  who  think  the  wire  lamp  is  going  Mr.  iiordcy. 
to  do  a  very  great  deal  for  electrical  engineering.  I  cannot  believe 
that  the  increase,  by  two  or  three  times,  of  the  light  for  a  given  current, 
can  be  anything  but  a  good  thing  for  the  industry.  There  may  be  a 
little  dip  in  the  curve,  but  the  curve  must  go  on  rising,  and  rising  very 
much  more  rapidly  when  people  realise  what  they  have  really  got. 
It  mu^t  make  the  comparison  with  gas  so  much  more  favourable  to 
electricity.  On  the  question  of  charging  I  would  like  to  support 
what  Mr.  Arthur  Wright  advised  at  the  last  meeting;  he  advocated 
imitating  the  broad  lines  of  the  Gas  Companies,  and  doing  away 
with  self-imposed  restrictions.  Coming  from  Mr.  Wright  one 
oaturally  attaches  very  great  weight  to  this  advice.  It  may  be  that 
be  has  seen  what  the  authors  call  "  the  theoretically  more  perfect 
system  "  of  maximum  demand  is  not  theoretically  perfect  after  all.  It 
is  significant  that  people  do  not  apply  it  to  power,  and  even  as  regards 
lighting  they  offer  to  short  circuit  the  demand  indicator  at  times 
of  maximum  demand.  Mr.  Wright  read  an  interesting  paper  in  1901, 
00  which  I  spoke.  I  have  been  looking  up  my  remarks,  and  I  find 
that  at  that  time  there  were  three  demand  stations'  to  one  flat-rate 
station.  Looking  at  the  tables  in  "  Lightning,"  I  find  now  that  we  have 
00c  demand  station  to  three  flat-rate  stations.  A  new  or  optional 
dass  has  now  come  in,  so  that  there  are  now  three  classes;  and 
the  proportions  are  three  optional,  three  flat,  and  one  demand,  so 
there  has  been  a  gradual  change  of  opinion  on  that  subject.  The 
average  prices  obtained  in  these  three  classes  are  flat-rate,  3.57d., 
maximum  demand,  3.33d.  ;  optional,  3.33d.  In  the  discussion  on  Mr. 
Weight's  paper  1  made  a  comparison,  and  I  have  made  a  similar 
comparison  now,  which  shows  that,  taking  the  average  of  the  stations, 
the  demand  system  does  not  give  what  it  is  supposed  to  do.  For 
example,  it  does  not  improve  the  load-factor.  The  load-factor  now 
coaics  out  15*05  for  flat- rate,  14*82  for  maximum  demand,  and  1575  for 
optional  stations.  I  find  that  since  1901  the  output  has  gone  up  four- 
fold— to  674,ocx>,ooo  units ;  the  average  works  cost  per  unit  has  gone 
down  to  o*8o2d.,  a  third  of  what  it  was  then.  I  think  that  is  a  very 
satisfactory  result  of  six  years  of  work  of  the  electric-light  stations  in 
this  country.  The  output  just  given  does  not  include  the  big  New- 
castle station,  nor  any  railway  or  tram>\*ay  or  power  stations.  I  would 
like  to  say  that  without  criticising  the  authors'  suggestions,  I  believe  it 
better  to  simplify  as  far  as  possible  all  installation  work,  to  reduce  the 
cost  of  getting  into  the  houses,  to  avoid  all  auxiliary  or  non-productive 
accessories,  and  to  simplify  the  methods  of  charging  as  much  as 
possible.  Mr.  Long's  contribution  to  the  discussion  seems  to  mc  to 
be  a  very  valuable  one. 

Professor  David  Robertson  (communkaUd)  i  The  following  is  put 
forward  as  an  equitable  way  of  charging  for  electricity  supply  which 
t»  free  from  the  defects  of  the  Wright  maximum  demand  system,  and 
obviates  the  use  of  demand  or  limit  indicators,  or  of  special  meters  for 
dtffereot  oses.    A  nominal  load  would  be  fixed  by  the  consumer,  as  a 
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rule  with  the  assistance  of  the  officials  of  the  supply  authority,  and  be 
would  contract  to  pay  a  minimum  sum  proportional  to  this  load  each 
quarter  or  each  year.  The  meter  would  be  adjusted  so  that  it  registers 
at  the  nominal  rate  when  the  consumer  is  taking  his  nominal  load, 
but  at  a  higher  rate  with  a  larger  load,  and  a  lower  rate  at  lighter 
loads.  The  standing  charges  may  be  taken  as  proportional  to  the 
demand.  The  revolutions  per  unit  should  therefore  follow  a  linear 
law  with  the  load  instead  of  being  constant,  the  constant  part  would 
represent  the  running  charges,  and  the  remainder  the  standing  charges, 
profit  being  included  in  one  or  both.  With  many  types  of  meter  there 
would  be  no  difficulty  in  making  an  adjustment  of  this  sort.  In  fact, 
they  have  naturally  a  law  something  like  it,  and  have  to  be  compensated 
for  ordinary  use. 

The  guaranteed  sum,  which  should  include  meter  charges,  as  should 
also  the  charge  made  for  energy,  would  be  that  which  would  be 
brought  in  by  the  nominal  load  used  for  the  number  of  hours  per  year, 
or  per  quarter,  assumed  when  fixing  the  nominal  rate  of  charging. 
This  method  wtyild  take  some  cognisance  of  diversity  factor,  for  no 
account  would  be  taken  of  occasional  heavy  loads,  whose  diversity 
factor  would  probably  be  high,  when  determining  the  nominal  load 
proper  to  any  particular  case.  The  correct  nominal  load  would  make 
the  consumer's  bill  a  minimum  ;  the  guaranteed  sum  prevents  his 
getting  his  energy  too  cheaply  if  his  load  factor  is  less  than  he  expects, 
while  his  energy  will  have  to  be  paid  for  at  a  higher  rate  than  necessary 
if  he  keeps  the  guarantee  too  low. 

On  the  other  hand,  he  is  not  deterred  by  increased  annual  charges 
from  installing  lamps  in  places  where  they  will  be  little  used  and 
whose  diversity  factor  is  generally  very  high  ;  he  does  not  have  to 
instal  an  illogical  and  expensive  double  system  of  wiring  if  he  wishes 
power  as  well  as  light,  and  he  is,  therefore,  much  more  likely  to  use 
heating  apparatus,  cookers,  etc. ;  and  he  is  not  penalised  for  occasionally 
having  all  his  lights  on,  beyond  paying  at  a  higher  rate  for  the  energy 
then  actually  used.  From  the  supply  authority's  point  of  view,  these 
advantages  are  of  use  in  inducing  new  consumers  to  come  on  the 
mains,  or  old  consumers  to  instal  further  apparatus  ;  the  expense  of 
demand  indicators  and  sepai-ate  meters  for  power  is  avoided  ;  and  the 
load  curve  will  probably  be  improved,  for  when  the  consumer  under- 
stands that  the  more  lamps  he  has  on  at  a  time,  the  more  he  has  to  pay 
for  each,  and  vice  versa,  the  more  likely  is  he  to  keep  his  peak  dowTi 
and  the  less  likely  to  economise  when  his  load  is  light. 

Mr.  J.  H.  BowDEN  {com  mutt  teat  ed) :  The  subject  of  this  paper  is 
one  to  which  I  have  given  considerable  attention  during  the  past  few 
years,  and  in  1906  I  published  jointly  with  another  an  article  dealing 
with  a  system  of  "  Equitable  Charging  by  Municipal  Undertakings,"*  in 
which  there  are  phases  of  the  subject  which  the  authors  have  probably 
not  considered.  Possibly  I  am  placed  in  a  unique  position,  having 
control  of  an  undertaking  possessing  a  power  load  which  preponderates 
•  EUctrical  Rciioi^  Vol.  59,  pp  323-4,  1906. 
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over  the  lighting  load,  and  must,  in  consequence,  view  the  question   Mr. 
from  a  stand]x>int  totally  different  from  that  of  the  authors. 

During  the  current  year  I  estimate  that  the  maximum  demand  for 
power  on  the  popular  undertaking  will  be  1,700  k.w.,  and  the  output 
4I  millton  units,  equal  to  a  load  factor  of  28*54  per  cent. ;  private  light- 
ing 1,000  k.w.,  and  the  output  i  million  units,  equal  to  a  load  factor  of 
11*41  per  cent.;  and  public  lighting  200  k.w.,  with  an  output  of 
)  million  units,  equal  to  a  load  factor  of  4281  per  cent.,  making  a  total 
maximum  demand  of  .2,900  k.w.,  with  an  output  of  6  million  units,  equal 
to  a  net  load  factor  of  23*62  per  cent.  I  anticipate  that  the  average 
price  received  will  be,  approximately  :  Power,  i*o$d. ;  private  lighting, 
3*43d. ;  and  public  lighting,  i*5d. ;  or  a  net  price  of  i"52d.  The 
diversity  factor  for  power  upon  this  estimate  is  375,  private  lighting 
2-5.  and  public  lighting  nil,  or  a  net  diversity  factor  of  3*06,  with  a  total 
ot  9^075  k.w.  connected. 

The  standing  charge  will  be,  approximately — 

Interest  and  repa3rments £15,000 

Other  charges  7,000 

;£22,000 

and  I  wish  to  show  a  net  profit  of  something  in  the  nature  of  ;£4,ooo, 
making  a  total  standing  charge  upon  the  consumers  of,  say,  ;^26,ooo, 
whilst  the  running  charge  will  probably  be  about  o*45d.  per  unit. 
According  to  the  principle  laid  down  by  the  authors,  each  consumer 
should  be  charged  a  proportion  of  the  standing  charge  equal  to  the 
extent  of  the  maximum  demand  he  may  possibly  make  upon  the  station, 
that  is,  the  capacity  of  his  total  connections,  although  in  their  examples 
they  do  not  adhere  to  that  principle.  By  this  system  the  charge  at 
Poplar  should  be  £2  i8s.  6d.  per  kilowatt  connected  and  o*45d.  per 
unit,  which  is  equivalent  to  the  income  receivable  from  the  average 
prices  enumerated  for  power,  private  and  public  lighting,  but  which 
would  alter  those  prices  as  follows  : — 

£ 
Power  connections  1,700  x  375  =  6,375  k.w.  at  £2  18s.  6d.  =  18,647 
4^  million  units  ...  at  o'45d.    ...  =   7,990 

Total       £26fiyj 

Average  price  per  unit  i*5d. 
Private  lighting  ...    1,000  x  2*5  =  2,500  k.w.  at  £2  18s.  6d.  =    7,312 
I  million  units at  o*45d,         ^    1,880 

Total       £9*^9^ 

Average  price  per  unit  2*2 id. 

Public  lighting  ...    200  k.w at  £2  i8s.  6d=       585 

)  million  units at  o*45d.     ...  =    1410 

Total       £h99S 

Average  price  per  unit  o*64d. 

Net  income £37*^H 

Net  average  price  1  *52d. 


Bowden. 
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Mr.  It  will  be  observed  that  the  authors'  system  would  reduce  private 

Bowden.  lighting  by  i'22d,  per  unit  and  public  lighting  by  o*86d.,  but  the  price 
to  power  consumers  would  be  raised  on  the  average  by  o*45d.  to  pro- 
duce a  similar  net  profit  in  each  instance.  In  this  statement  71  per 
cent,  of  the  business  is  for  power  purposes  upon  which  the  metsdlic 
filament  lamp  has  no  e£Fect,  and  yet  it  is  proposed  to  impose  a  tax  upon 
that  class  of  business  to  the  extent  of  43  per  cent.,  which  is.  to  say  the 
least  of  it,  impracticable. 

The  whole  paper,  in  my  opinion,  is  based  upon  a  misconception  of 
the  fundamental  principle  of  equitable  charging.  It  .is  the  correct 
axiom  that  each  consumer  should  pay  a  fair  proportion  of  that  cost 
which  is  specially  created  for  the  purpose  of  meeting  his  demands 
irrespective  of  the  purpose  for  which  he  requires  the  current  The 
authors  very  clearly  show  the  absurdity  of  di£Ferentiating  between 
heating  and  lighting  on  private  premises.  Perhaps  the  greatest 
hindrance  to  the  development  of  electricity  is  this  class  distinction 
between  light,  heat,  and  power,  as  it  is  matterless  to  the  undertaking 
for  which  purpose  energy  may  be  required.  But  it  is  impossible  to 
compute  the  actual  value  of  each  individual  connection  to  a  system 
unless  the  demand  is  constant  throughout  the  year,  and  it  is,  therefore, 
necessary  to  resort  to  classification  and  allocate  to  each  class  its  full 
sliare  of  the  standing  charges  as  ascertained  by  the  maximum  demand 
upon  the  station.  Public  lighting  and  100  per  cent,  load  factor  power 
consumers  have  no  diversity  factor,  and  therefore  the  standing  charge 
applicable  to  this  class  of  supply  is  easily  ascertained,  a  cheap  supply 
being  obtained  by  virtue  of  the  load  factor  only.  Lighting  for  offices, 
shops,  and  other  business  premises  of  that  class  should  also  be  governed 
by  load  factor  and  prices  fixed  according  to  business  hours.  The 
charge  to  power  users  giving  an  intermittent  load  must  be  governed 
by  diversity  as  well  as  load  factor  ;  the  efficacy  of  this  is  exemplified  in 
the  records  of  the  Poplar  undertaking,  which  has  the  greatest  demand 
of  this  class  in  the  metropolitan  area. 

But  it  is  the  method  of  charging  for  domestic  purposes  to  which  the 
most  serious  consideration  must  be  given.  Here  is  a  field  capable  of 
enormous  development  in  which  cultivation  has  barely  begun. 

Metallic  filament  lamps  will  do  much,  but  cheaper  and  more  perfect 
cooking  and  heating  appHances  will  do  more  in  this  development,  and 
before  we  can  hope  to  have  the  latter,  central-station  engineers  must 
make  up  their  minds  entirely  to  separate  this  class  of  supply  from  all 
others  and  charge  upon  its  merits.  Personally  I  am  of  the  opinion 
that  the  authors  propound  the  rudiments  of  the  correct  system,  and 
that  the  time  is  not  far  distant  when  it  will  be  feasible  to  separate 
the  standing  charges  in  such  a  manner  as  to  allocate  the  cost  of 
each  individual  service  and  fix  an  annual  service  charge  to  each 
consumer. 

The  authors  are  to  be  congratulated  upon  introducing  a  subject  of 
more  than  everyday  importance,  and  I  hope  in  their  reply  that  they 
will  view  the  matter  in  a  more  cosmopolitan  manner  than  they  have 
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done  in  the  paper  ;  they  have  looked  only  from  the  West  End,  but   Mr. 
others  arc  compelled  to  look  at  it  from  the  East  End  point  of  view.  Bowden. 

Mr.  C.  E.  Skelton  {communicated) :  The  paper  seems  largely  to   Mr.skeHon. 
resolve  into  a  plea  for  higher  prices  for  current  sold. 

As  respects  this  plea  in  particular  for  the  time  of  peak  of  load,  I  do 
not  envy  the  task  of  him. who  seeks  to  convince  the  British  public  that 
one  unit  of  current  is  worth  more,  say,  between  5  p.m.  and  7  p.m.  than  at 
any  other  hour  of  the  day ;  it  would  be  nearly  as  wise  for  a  restaurant 
proprietor  to  ask  for  increased  prices  at  the  time  of  his  peak  of  load. 

Much  has  been  done  in  connection  with  the  costs  of  production,  but 
cannot  even  more  be  done  ?  If  uniformity  of  pressures  of  supply  could 
be  achieved,  would  it  not  tend  greatly  to  reduce  the  costs  of  manufacture 
of  dynamos  and  so  lessen  somewhat  station  capital  outlay  ?  Further, 
would  it  not  greatly  reduce  the  costs  of  motors,  heating  and  cooking 
apparatus,  and  even  of  lamps,  and  so  result  in  much  larger  installation 
of  such  ?  What  can  be  more  foolish  than  the  following  condition  of 
things  in  a  street  not  a  quarter  of  a  mile  long  ?  One  side  has  200  volts 
and  100  volts,  the  other  side  has  104  volts  and  150  volts,  this  latter 
being  changed  to  a  supply  at  240  1  believe. 

To  abolish  the  need  for  dual  installations  for  light  and  power, 
together  with  reduction  of  costs  of  apparatus,  which  would  result  from 
a  oniform  pressure  of  supply,  and  uniform  installation  requirements  by 
station  engineers,  and  fire  offices,  would  bring  about  a  large  increase  in 
demand  and  use  ;  an  increase  not  by  any  means  confined  to  the  time  of 
peak  of  load ;  an  increase  which  1  venture  to  think  would  astonish 
supply  engineers. 

Mr.  J.  E.  Tapper  (communicated):  It  is  remarkable  tliat  on  the  Mr. Tapper, 
question  of  metallic  filament  lamps  the  majority  of  engineers  show  a 
wonderful  optimism,  and  appear  to  t>elieve  that  the  introduction  of 
these  lamps  is  going  to  be  the  saving  of  the  industry.  In  districts 
where  gas  is  greatly  predominant,  and  where  new  buildings  are  spring- 
ing up,  it  may  be  so  in  course  of  time,  though  even  to  these  the 
temporary  set  back  is  likely  to  be  serious,  but  to  the  alternating- 
current  undertaking  supplying  a  purely  residential  district  such  as  the 
one  of  which  I  have  an  intimate  knowledge,  the  outlook  is,  to  say 
the  least  of  it,  alarming. 

In  the  district  supplied  by  the  station  referred  to  one  house  in  six  is 
already  supplied,  against  an  average  all  over  the  country  of  only  one 
in  ten,  and  the  prospect  of  picking  up  a  sufficient  number  of  new 
consumers  to  cover  the  immediate  loss  is  very  remote.  Under- 
estimating the  position  if  anything,  it  is  quite  possible  for  the  1,200 
consumers  at  the  station  referred  to,  to  effect  a  reduction  in  their  total 
consumption  of  25  per  cent  To  give  the  same  revenue,  therefore,  as 
at  present,  33 1  per  cent,  in  consumers  must  be  added  to  the  mains 
at  a  capital  cost  of  £3,500  for  services  only,  or  an  additional  annual 
charge  of  £200,  plus  extra  cost  of  maintenance  of  services  and  collec- 
tion. During  the  years  occupied  in  securing  the  additional  consumers 
It  is  possible  that  the  undertaking  may  have  to  run  at  a  loss  unless 
cither  meter  rents  or  the  prices  charged  per  unit  arc  raised. 
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Mr.  Tapper  The  whole  thing  boils  down  to  this  :  if  the  finances  of  the  station 

will  not  allow  of  a  reduction  in  the  charge  for  current  supplying 
ordinary  carbon  lamps,  then  they  cannot  stand  the  reduction  in  con- 
sumption due  to  the  metallic  lamps,  and  either  meter  rents  or  current 
charges  must  inevitably  be  raised. 

A  serious  feature,  but  one  which  may  prove  only  temporary  to 
alternating-current  stations,  and  which  has  been  dealt  with  but  lightly, 
is  the  introduction'  of  small  transformers.  These,  being  cheaply 
designed  on  the  economy  coil  principle,  give  a  very  low  power  factor 
unless  worked  at  full  load. 
Mr. Shaw.  .  Mr,  A.  H.  Shaw  (communicated):  With  regard  to  supplying  small 
consumers  which  the  authors  refer  to,  I  have  had  some  experience  of 
this  at  Ilford. 

About  six  years  since,  when  we  had  some  money  available  for  wiring 
purposes,  we  adopted  a  scheme  of  free  wiring  for  small  houses,  fitting 
six  lights  in  the  principal  rooms  and  supplying  them  through  slot  meters 
set  at  id.  per  unit  above  the  usual  rate  for  current  to  cover  the  rental  of 
installation,  meter,  and  supply  of  lamps,  etc.  We  fitted  up  about  one 
hundred  houses  on  this  system  before  our  money  was  expended.  As  a 
result  we  were  able  to  get  builders  of  similar  property  to  wire  their  new 
houses  during  erection.  On  one  estate  all  the  houses,  letting  at  from 
7s.  6d.  to  9s.  per  week,  were  fitted  with  four  lamps  each,  which  we 
supplied  through  separate  slot  meters,' running  one  service  into  each 
block  to  supply  from  ten  to  twelve  houses.  For  some  years  the  results 
obtained  were  fairly  satisfactory,  although  but  little  profit  was  made,  as 
the  cost  of  collection  and  looking  after  the  meters  was  very  heavy,  and 
in  several  cases  when  the  meters  stopped  running,  but  did  not  switch 
off,  the  consumer  obtained  current  for  a  month  or  two  free  9f  charge, 
and  we  found  it  impossible  to  make  him  pay  up  later.  Recently,  how- 
ever, the  local  gas  company  have  int(;oduced  a  system  whereby  they 
supply  a  gas  cooker  and  four  burners  free  of  charge  to  such  bouses 
through  a  slot  meter  at  an  increased  rate,  but  they  refuse  to  supply  on 
this  system  to  any  one  who  is  using  electric  light,  and  as  a  result  we 
have  during  the  last  eighteen  months  lost  a  large  number  of  these 
consumers.  My  experience  in  this  direction  has  compelled  me  reluct- 
antly to  come  to  the  conclusion  that  the  supply  to  this  class  of  pro[>crty 
is  not  worth  while  under  present  conditions  when  everything  is  taken 
into  account. 

With  regard  to  the  system  of  charging  proposed  by  the  authors,  a 
preferable  method,  in  my  opinion,  would  be  to  base  (he  demand  charge 
on  the  readings  of  a  demand  indicafor,  fixing  a  minimum  at,  say,  0*5  k. w. 
at  a  fairly  high  rate,  and  adopting  a  sliding  scale  for  higher  demands,  the 
extra  charge  for,  say,  each  J  k.w.  decreasing  as  the  demand  increases, 
the  unit  charge  being  fixed  at,  say,  id.  per  unit  for  all  current  con- 
sumed. With  regard  to  the  supply  for  power  purposes  and  tram- 
ways I  consider  a  separate  rate  would  still  be  found  preferable  for  these 
purposes,  and  is  justifiable  taking  into  account  the  diversity  and  load 
factors. 
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Regarding  heatmg  and  coofcing  af»piiaDces*  I  haTc  found  that  in  Mr  sh^w. 
mcdinm  size  bourses  tbe  tcnrtcocT  is  to  use  these  more  daring  the 
Muniner.  when  «v  can  best  af  ord  to  sopptT  them  at  a.  low  rate^  than 
dnring  tbe  vintcr  vhen  fines  are  used  for  all  porposcs^  incloding  kctties» 
fiat-irons,  and  tbe  tike  :  bat  in  tbe  suinmn  it  is  not  desired  to  light  a  fire 
merely  to  bofl  a  kettle  or  beat  an  iron.  I  therefore  consider  it  quite 
jubtitiabk  to  sof^ptr  cnrrcnt  for  these  purposes  at  a  lower  rate  than  for 
lighting. 

Regarding  tbe  small  boose  transformers  referred  to.  I  should  hegUd 
to  know  if  the  aotbors  have  made  anr  tests  of  the  load  tactocs  of  the?^. 
1  have  been  informed  that  the  load  factor  of  socb  transformers  i^ 
very  low.  in  >oaie  cases  oo  more  than  0*3,  and  if  this  is  so  and  they  are 
adopted  to  any  extent,  it  will  hare  a  very  serioos  effect  apon  alternating- 
current  supply  stations^  In  such  cases  I  think  it  would  be  permissible 
to  make  a  special  increa^>ed  rate  for  soppiy  to  such  transformers. 

Mr.  W.  R.  Cooper  ccmmutmkuUd) :  No  doubt  engineers  will  diflcr  Ut.  o^^fw. 
very  considerably  in  their  riews  as  to  what  the  effect  of  the  metallic 
filament  lamp  will  be  on  tbe  electrical  industry,  but,  whatever  our 
indi\idual  opinions  may  be,  I  think  that  engineers  should  be  grateful 
to  tbe  authors  for  bringing  this  subject  forward  so  that  it  may 
be  fully  discus««d.  It  is  a  carious  fact  that  we  have  all  been  mo^t 
anxious  to  see  tbe  advent  of  a  high-efficiency  lamp,  but  now  it  has 
come  it  is  not  universally  welcomed,  except  by  the  consumer.  In 
faci«  tbe  station  engineer  is  apt  to  regard  it  as  an  eviL  In  this  con* 
nection  it  i^i  worth  wtiile  to  remember  that  the  consumer  has  suffered 
somewhat  patiently  for  a  good  many  years ;  therefore  it  is  only  right 
that  he  should  begin  to  benefit.  Some  years  ago  the  station  engineer 
introduced  high  prev>ures,  much  to  his  advantage ;  but  the 
consumer^  on  the  other  hand,  was  compelled  to  use  comparatively 
inefficient  lamps  in  coobequence.  In  the  long  run,  no  doubt,  the 
consumer  benefited  to  some  extenL  He  may  now  get  his  energy 
at  4d.  per  unit  instead  of  6d.,  but,  on  the  other  band,  he  has  been 
compel letl  to  use  6  units  where  4  units  ought  to  have  been  sufficient. 

Nevertheless,  we  do  not  wish  to  see  the  station  engineer  in  any 
way  hampered.  Personally  I  am  inclined  to  think  that  the  drop 
in  revenue  due  to  the  metallic  filament  lamp  wilt  not,  as  a  rule,  be 
serious.  For  example,  on  continuous-current  systems  the  units  of  light 
available  will  be  too  large  to  allow  any  great  diminution  in  the  amount 
of  current  used,  except  in  special  cases ;  and,  although  metallic 
filament  lamps  are  certain  to  improve  and  smaller  units  will  no  doubt 
be  introduced,  the  change  will  be  gradual.  On  certain  alternating- 
current  systems,  on  tlie  other  hand,  where  the  load  is  chiefly  due  to 
light,  there  may  be  a  serious  falling  off  in  revenue.  No  doubt,  in  time 
this  will  be  compensated  by  the  very  large  additional  field  rendered 
pusMble  in  street  lighting  and  small  shops;  but,  meanwhile,  the 
position  in  some  cases  may  become  serious.  Nevertheless,  I  think  that 
It  would  be  a  very  great  mistake  to  restrict  the  consumer  in  any  way  by 
binding  him  to  have  more  light  for  the  same  current,  and  I  thiok  that 
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Mr. Cooper,     the  raising  of  prices  should  be  adopted  only  as  a  last  resource,  owing 
to  the  bad  effect  tliat  it  might  produce  in  other  directions. 

One  of  the  most  important  points  raised  by  the  authors  is  that  of 
the  small  consumer.  It  has  always  been  thought  that  the  small  con- 
sumer would  present  a  ready  field  as  soon  as  a  highly  efficient  lamp 
could  be  found  ;  but  it  will  be  a  serious  matter  if  the  cost  of  services 
to  such  consumers  is  so  great  as  to  render  them  unremunerative.  Such 
consumers  have  been  supplied  quite  successfully  on  the  Continent, 
owjng  to  the  very  cheap  way  in  which  services  are  there  run,  and, 
although  we  may  not  be  able  to  adopt  overhead  wires  in  towns  in  this 
country,  it  appears  to  me  that  it  should  be  possible  to  supply  services 
for  blocks  of  houses  very  much  more  cheaply  than  is  done  at  present. 
In  this  country  we  are  so  accustomed  to  carrying  out  electrical  work  in 
the  best  possible  way  that  we  are  apt  to  forget  that  such  work  finally 
may  become  unremunerative.  Similarly,  the  cost  of  internal  wiring 
must  be  reduced,  and  there  seems  to  be  very  little  reason  why  the 
Continental  system  of  using  unprotected  insulated  conductors  should 
not  also  be  imitated  in  many  instances.  This,  however,  will  never  be 
brought  about  until  the  station  engineer  gets  into  touch  with  the  con- 
tractors and  arranges  with  them  what  is  acceptable.  At  present  no 
such  work  can  be  done  because  it  is  nobody's  business  to  do  it.  The 
station  eAginecr  looks  upon  such  wiring  as  inferior  and  will  not  pass  it, 
and,  naturally  enough,  the  contractor  will  not  carry  out  such  work  with 
the  risk  of  it  not  being  accepted. 

With  regard  to  the  important  question  of  tariffs,  much  may  be  said 
in  favour  of  the  author's  system.  Undoubtedly  the  distinction  between 
the  different  uses  to  which  electrical  energy  may  be  put  is  often  absurd, 
as  the  authors  point  out ;  but,  from  the  point  of  view  of  household 
supply,  I  think  that  the  greatest  defect  in  systems  at  present  in  use  is 
that  they  do  not  distinguish  between  different  parts  of  the  day.  The 
only  time  when  a  heavy  load  is  not  desirable  in  a  house  is  at  the  time 
of  peak  load  at  the  station.  A  heavy  load  at  any  other  part  of  the  day 
would  be  welcomed  by  the  station  engineer ;  but  any  system  depending 
upon  a  maximum  demand  prevents  the  ready  use  of  electrical  energy 
during  these  other  times  of  day,  and  thus  seriously  hampers  the  use  of 
electrical  energy  for  other  purposes.  As  the  extended  use  of  electrical 
energy  for  heating  and  cooking  would  mean  a  much  larger  consump- 
tion for  a  household  than  that  required  for  lighting,  I  think  that  this 
phase  of  the  tariff  question  should  be  given  serious  consideration. 

Thc^  The  President:    This    paper   deals  with  matters    that   I   have 

studied  rather  closely  for  twenty  years.  It  is  interesting  to  note,  as 
might  be  expected,  that  the  effect  of  the  introduction  of  metallic 
filament  lamps  is  viewed  with  favour  or  disfavour  according  to  each 
speaker's  special  experience. 

I  am  afraid  that  the  coming  of  the  wire  lamp  may  cause  a 
distinct  set  back  to  the  electrical  industry.  We  are  not  now  in  the 
position  of  ten  years  back.  We  have  already  made  such  reduc- 
tions in  the  working  expenses  and  cost  of  supply  as  far  as  they  can 
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be  effected  by  the  engineer  that  there  is  not  much  margin  left  for  The 

further  reduction.    For  future  reductions  we  have  to  depend  mainly  ^•^"**- 

on  improved  outputs  due  to  improved  load   factor.    The  wire  lamp 

will  very  probably  for  some  years   diminish  the    lighting  demand, 

and  will  not  help  us  with  the  load  factor.     Unfortunately  I  think  it 

is  not  sufficiently  realised  by  the  general  public,  and  even  in  this 

Institution,  what  great  efforts  have  been  made  in  the  past  to  improve 

load   factor,  and   I   am  sorry  to  say  with  disappointing  results.    The 

heating  load   has  not  helped  us ;   the  power   load    has  only   helped 

industrial  districts.    As  regards  the  working  expenses  themselves,  I 

am  afraid  the  outlook  is  not  good.     There  are  those  who  tell  us 

that  the  cost  of  fuel  is  likely  to  be  permanently  increased,  and  of 

one  thing  we  are  quite  certain,  that  the  very  heavy  charge  we  pay  to 

the  public  authorities  in  the  shape  of  rates,  which  amounts  on   the 

average  to  lo  per  cent,  of  our  gross  earnings,  is  much  more  likely 

to  increase  than  to  diminish.    The  increases  on  these  two  items  alone 

are  likely  to  more  than  outweigh  any  future  improvements  we  can 

introduce  by  improved  machinery. 

For  this  reason  I  think  the  authors  are  right  in  coupling  with 
this  subject  the  interesting  one  of  electrical  tariff  reform.  At 
Norwich  they  are  paying  for  electricity  as  we  have  always  paid 
for  our  water,  mainly  by  a  rent  charge  and  to  a  certain  extent  by 
metered  quantity.  I  cannot  help  thinking  that  when  our  large  London 
undertakings  pass  into  the  hands  of  the  local  authorities  at  the  end 
of  our  concessions,  that  the  local  authorities  will  then  follow  the 
example  of  the  Water  Board  and  supply  and  charge  for  electricity  on 
the  Norwich  system,  or  on  some  modification  of  it.  If,  then,  this 
system  is  likely  to  be  introduced  some  years  hence,  why  should  we 
not  set  about  considering  its  introduction  as  soon  as  possible  ? 

Discussion  at  Dublin,  April  q,  1908. 

Mr.  R.  N.  Tweedy  :  So  far  as  alternating-current  circuits  arc  con-  Mr. 
ccrned,  the  new  lamps  may  be  used  to  the  greatest  advantage  by  ^^^^^ 
consumers  who  are  wise  enough  to  t>elieve  the  statements  of  the 
wiring  contractors.  Undoubtedly  a  large  proportion  of  consumers 
consistently  shut  their  ears  to  anything  they  may  say,  but  we  must  all 
realise  that  it  is  a  great  deal  to  ask  a  layman  to  believe,  when  we  assert 
that  he  will  save  something  between  30  and  (Ki  per  cent,  of  his  electric 
lighting  bill  by  using  another  kind  of  lamp,  and  we  ou^ht  to  be  very 
thankful  to  the  authors  of  this  paper  for  coming  forward  with  unbiassed 
tc>timony.  When  the  consumer  gets  to  know  that  suppiv  companies 
are  being  forced  to  consider  the  advisability  of  raising  prices  as  a  set- 
off ag^nst  the  reduction  in  output  caused  by  the  vast  number  of  metal 
filament  lamps  connected  to  their  mains,  he  will  rcahsc  that  the 
contractors'  statements  are  reasonable,  and  the  sale  of  these  lamps  will 
improve  still  more. 

That  there  is  now,  and  will  be  to  a  greater  extent  in  the  future.  4 
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reduction  in  the  units  sold  per  lamp  connected  on  alternating-carrent 
mains  is  not  in  doubt,  but  the  matter  assumes  quite  a  different  aspect 
when  direct  current  is  involved,  and  I  may  be  permitted  to  question 
whether,  up  to  the  present,  the  engineers  of  direct-current  stations  have 
been  assailed  by  the  same  fears  which  seems  to  have  attacked  the 
authors.  Assuming  that  the  bulk  of  the  lighting  load  is  derived  from 
private  houses,  and  that  supply  is  given  at  200  volts  or  over,  it  is  not 
probable  that  the  carbon  filament  lamps  will  be  superseded  for  some 
considerable  time,  for  the  reason  that  the  average  private  consumer 
does  not  want  60  to  70  c.p.  where  he  is  now  content  (or  as  content  as  a 
private  consumer  ever  will  be)  with  16  or  25  c.p.  At  present  he  must 
burn  two  of  the  new  lamps  in  series.  So  long  as  the  consumer  has  to  face 
the  disadvantages  of  burning  either  high  or  low  candle-power  lamps  in 
series  the  decreasing  output  problem  will  not  much  touch  the  direct- 
current  station. 

I  would  like  to  put  in  a  word  of  protest  against  the  short-sighted 
policy  of  wiring  a  building  in  anything  like  a  permanent  manner  for 
the  use  of  lamps  in  series.  I  believe  that  has  been  done  even  in 
Dublin,  where  series  burning  is  absolutely  unnecessary.  There  can 
be  no  objection  to  the  use  of  adaptors,  or  to  wiring  lamps  in  series 
from  the  permanent  parallel  points ;  but  we  must  all  look  forward  to  the 
advent,  sooner  or  later,  of  a  high  efficiency  moderate  candle-power  lamp 
which  will  burn  in  parallel  on  200  volts. 

I  observe  that  the  authors  propose  to  deal  with  the  problem  of 
reduced  output  per  lamp,  and  with  the  very  important  problem  of  how 
to  popularise  electric  heating  by  the  invention  of  a  new  tariff.  What 
we  really  want,  and  what  we  ought  to  have,  is  a  tariff  which  shall  not 
study  the  equity  of  each  case  too  minutely,  but  shall  first  and  foremost 
pay  the  suppliers  a  reasonable  profit  under  every  condition. 

Mr.  C.  J.  Cummins  :  Speaking  as  a  contractor,  I  consider  the  advent 
of  the  osram  lamp  is  the  salvation  of  electric  lighting.  No  doubt  incan- 
descent gas  lighting  has  educated  the  public  to  better  light,  and  I 
believe  that  existing  customers  will  now  extend  the  use  of  electric  light 
on  their  premises.  Regarding  the  saving  effected  by  the  use  of  osram 
lamps,  I  may  mention  the  following  cases,  which  are  all  quarterly 
accounts  for  December  last  using  osram  lamps,  and  for  the  previous 
December  quarter  using  carbon  lamps  (in  most  cases  the  light  was 
greater  than  formerly) : — 


Carbon. 

Osram. 

Saving. 

I 

i     s.      d. 
4    10     0 

;£      8.       d. 

2    10     0 

200 

2 

15    0    0 

900 

600 

3 

42  19    6 

16    13      4 

26    6     2 
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I  do  not  believe  in  the  use  of  25 -volt  osram  lamps  in  conjunction  Mr. 
with  equalising  transformers,  as  I  think  that  the  smallest  light  unit  used  *^ 
^ould  not  be  less  than  25  or  32  cp.  In  my  experience  osram  lamps 
arc  not  so  fragile  as  stated.  I  have  not  obtained  good  results  with 
tantalum  lamps  on  alternating  circuits,  but  have  not  yet  gained 
experience  with  the  new  ones  recommended  for  use  on  alternating- 
current  circuits,  in  which  I  notice  that  the  filament  is  made  in  wave- 
form, evidently  with  a  view  to  allow  for  the  apparent  shortening  of  the 
61ament  which  is  observable  in  the  older  typc^  of  tantalum  lamps  after 
baming  some  time. 

Mr.  G.  F.  PiLDiTCH  :  I  consider  that  there  is  really  no  cause  for  Mr  Piwiuh. 
alann  on  the  part  of  station  engineers.  Private  consumers  really 
require  more  light,  and  far  more  complaints  arc  received  due  to  in- 
sufficient light  than  to  the  amount  charged.  When  the  public  find 
they  can  obtain  more  light  for  the  same  money  they  will  go  in  for  it 
rather  than  reduce  their  accounts.  I  consider  the  proposed  new 
system  of  charging  excellent  from  the  supply  authorities'  point  of  view, 
but  not  from  the  consumers .  Consumers  talk  together  and  compare 
their  bills,  and  if  one  is  charged  at  a  higher  rate  than  his  neighbour  he 
will  soon  get  to  know  of  it.  In  nine  cases  out  of  ten  it  will  be  quite 
impossible  to  satisfy  him  that  he  has  not  been  overcharged  by  any 
explanation  as  to  his  "contract  demand." 

Mr.  J.  W.  Boucher  :  I  think  that  central  station  engineering,  in  Mr 
raiding  the  pressure  of  supply  a  few  years  ago,  did  not  act  fairly  '^****^***'- 
towards  the  consumer,  as  lamps  supplied  for  low-voltage  circuits  were 
owsidcrably  more  efficient.  I  entirely  disagree  with  the  previous 
speakers  that  the  ordinary  standard  of  illumination  has  risen  from 
16  c.p.  to  32  c.p.  I  have  had  many  inquiries  from  users  of  the 
3<>c.p.  lamp  as  to  how  the  light  could  be  shaded  down.  F'or  private 
hou^  lighting  a  soft,  restful  light  is  required  ;  therefore,  although  the 
30-c.p.  loo-volt  metal  filament  lamp  may  be  useful  for  lighting  shops 
and  large  areas,  it  is  unsuitable  for  private  house  lighting. 

Favourably  for  the  supply  station  must  be  taken  into  account  the  no- 
load  losses  on  the  transformers.  Taking  this  at  20  watts  for  8,000  hours, 
equal  to  160  units  per  annum  at  4d.  per  unit,  this  works  out  at  £2  13s.  4d., 
which  the  consumer  pays  for  the  use  of  the  transformer,  and  an  all-day 
load  has  been  created.  Of  course,  the  idea  of  switching  out  a  trans- 
former by  a  consumer  is  one  that  would  not  t>e  carried  out  in  practice. 

I  do  not  agree  with  the  authors  of  the  paper  that  an  electrical 
undertaking  is  handicapped  by  the  excessive  cost  over  gas  of  bringing 
the  mains  into  the  consumers'  premises.  We  in  Dublin,  and  in  a 
Dumber  o^  other  cities,  pay  los.  per  annum  meter  rent.  The  co^t  of 
the  meter  is  about  £},  the  cost  to  the  electrical  undertaking  for  in- 
Ualling,  say.  as  given  in  the  paper,  £5  to  £6,  so  that  los,  per  annum 
from  the  consumer  pays  over  5  per  cent,  on  the  cost  of  the  meter 
and  the  service  combined. 

I  consider  the  contract  demand  system  unworkable,  and  not  founded 
on  a  proper  commercial  basts.    That  the  consumer  should  be  asked  to 
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pay  for  the  privilege  of  call,  and  for  what  he  might  not  use,  whether 
he  used  it  or  not,  is  absurd. 

Mr.  W.  Tatlow  :  I  do  not  think  that  in  the  case  of  towns  where 
there  are  many  possible  consumers  not  yet  taking  a  supply  the  effect 
of  the  introduction  of  metallic  filament  lamps  will  be  detrimental  to 
the  electrical  supply  companies,  but  rather  the  reverse.  In  Dublin 
the  new  lamps  make  electric  lighting  cheaper  than  gas  for  lighting 
points  of  30  c.p.  and  under,  and  in  consequence  electric  lighting  will 
be  adopted  for  lighting  cellars  and  dark  basements,  and  for  all-night 
lighting  where  gas  has  hitherto  been  used,  and  this  will  be  a  very 
desirable  class  of  load  for  the  power  station. 

I  do  not  consider  the  maximum  demand  system  of  charging  satis- 
factory from  any  point  of  view.  A  2-rate  meter  seems  to  be  a  much 
more  sensible  way  of  dealing  with  the  matter,  the  units  used  during 
the  peak  being  charged  at  a  higher  rate. 

Mr.  A.  E.  Porte  :  I  agree  with  other  speakers  that  the  public 
require  more  light,  and  will  pay  for  it.  What  is  lost  in  lighting  would 
probably  be  made  up  in  the  more  extended  use  of  radiators,  etc.  I 
agree  with  Mr.  Tatlow  that  the  2-rate  meter  is  the  best  ami  most 
equitable  system  of  charging. 

Mr.  W.  J.  Sowter  :  I  know  very  few  consumers  who  actually  under- 
stand the  maximum  demand  system,  and  those  who  do  give  the  most 
trouble.  I  do  not  think  consumers  will  take  kindly  to  the  "  contract 
demand  system,"  and  if  a  change  is  necessary  I  think  it  will  be  better  in 
many  cases  to  revert  to  the  old  contract  system  without  meters.  Such 
a  course  will,  in  my  opinion,  be  quite  feasible  in  the  case  of  small  private 
house  consumers,  for  it  is  just  in  these  cases,  as  the  authors  have 
pointed  out,  that  the  difficulties  occur  in  making  a  profit.  The  great 
difficulty  I  foresee  in  making  up  for  the  loss  of  revenue  caused  by  the 
use  of  osram  lamps  is  that  of  getting  people  to  go  to  the  expense  of 
wiring  their  houses ;  some  cheap  system  of  free  or  deferred  payment 
wiring  is  necessary,  and  at  the  same  time  the  cost  of  mains  and  services 
must  be  reduced  to  as  low  a  level  as  possible.  It  will  be  a  great 
mistake  to  raise  the  price  of  current,  as  now  is  the  time  to  prove  the 
cheapness  and  advantages  of  electric  light  compared  to  gas. 

Discussion  at  Glasgow,  May  12,  1908. 

Mr.  W.  W.  Lackie  :  I  am  pleased  to  note  that  the  authors  approve 
of  the  maximum  demand  system  of  charging,  although  I  disagree  as  to 
their  method  of  getting  at  the  maximum  demand.  The  title  of  the 
paper  seems  to  me  somewhat  misleading,  and  I  think  the  conclusions 
arrived  at  regarding  the  effect  of  high-efficiency  metallic  filament 
lamps  on  electricity  supply  stations  require  further  consideration 
before  being  entirely  accepted.  The  authors  point  out  that  if  the 
consumption  of  energy  per  consumer  is  reduced  through  the  use  of 
metallic. filament  lamps  by  one-third,  it  will  be  necessary,  in  order 
to  bring  in  the  same  revenue,  to  increase  the  consumers  by  some 
50  per  cent,  owing  to  the  increased  capital  outlay  on  services  and 
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the  increased  expense  for  meter  reading  and  general  administration.  Mr.  Lackic 
Bat  the  cost  of  meter  reading  and  administration  at  present  is  a  small 
fraction  of  id  per  unit,  and  what  I  feel  is  that  if  metallic  filament 
lamps  are  made  of  socb  a  size  as  to  be  suitable  for  all  voltages,  the 
increased  consumption  on  existing  branches  and  service  lines  and 
meters  will  in  a  very  short  time  bring  up  the  revenue  to  what  it 
was  before  their  introduction.  The  present  tendency  undoubtedly  is 
to  get  increased  lighting  without  increasing  the  electricity  bill ;  and 
seeing  that  the  minimum  candle-power  of  metallic  filament  lamps  is 
something  between  40  and  50,  the  lamps  are  unsuitable  for  introduc- 
tion into  the  many  small  areas  which  are  perfectly  well  lit  with  much 
less  illumination  than  this.  What  the  authors  state  with  regard  to  the 
relative  capital  expenditure  and  revenue  of  gas  undertakings,  as  com- 
pared with  electric  undertakings,  is  quite  true  ;  but  the  argument  cuts 
both  ways,  for  if  an  electricity  undertaking  cuts  down  its  capital 
expenditure  per  kilowatt,  it  is  enabled  to  supply  at  a  very  low  price, 
whereas  the  cutting  down  of  the  capital  expenditure  in  a  gas  under- 
taking does  not  materially  reduce  the  price  of  gas.  I  believe  that 
reason  No.  2  on  page  336  is  not  correct,  as  gas  undertakings  in 
Scotland,  at  least,  are  liable  to  be  bought  up  at  any  time,  and 
onder  local  authorities  they  have  a  sinking  fund  in  the  same  way 
a»  an  electricity  undertaking.  The  authors  go  on  to  point  out  that 
a  gas  supply  is  given  on  a  flat  rate.  That  is  not  always  the  case,  and 
it  may  be  of  interest  to  note  that  the  Glasgow  Corporation  recently 
agreed  to  offer  gas  for  power  and  heating  purposes  at  3d.  per 
1,000  cub.  ft.  less  than  for  lighting  purposes.  The  gas  department 
is  able  to  supply  gas  at  a  flat  rate  at  present,  because  it  can  store  gas 
to  meet  the  maximum  demand,  and  also  on  account  of  its  splendid 
load  factor  on  the  works.  I  have  no  doubt  whatever  that  if  we  could 
store  electricity  profitably  we  bhould  al^o  approach  a  flat  rate  of 
charge.  The  latter  part  of  the  paper  deals  with  a  new  method  of 
applying  the  maximum  demand  system.  I  think  the  example  given 
to  show  the  inherent  absurdity  of  supplying  lighting  and  heating  at 
different  rates  is  weak.  One  hot  plate  is  taken  as  a  criterion  of  the 
demand  for  heat  or  power,  but,  even  so,  is  not  the  said  hot  plate  likely 
to  be  used  regularly  throughout  the  whole  year,  while  the  lighting 
is  only  required  for  three  or  four  months  in  the  winter-time,  if  the 
dinner  hour  is  at  the  time  of  peak  load  on  the  electricity  works,  which 
i5»  not  likely  to  be  the  case.  The  authors  ask.  Why  should  the  current 
coosumcd  for  power  at  peak  time  be  charged  at  a  lower  rate  than 
hghting  energy  ?  My  reply  i!»  that  m  the  case  of  the  lighting  units 
the  standing  charges  are  only  spread  over  a  comparatively  small 
number  of  hours  in  the  winter  months,  while  the  standing  charges 
for  power  and  heating  purposes  are  spread  over  some  2,uoo  hours 
in  the  year,  and  in  the  case  of  power  the  diversity  factor  is  very 
much  greater  than  in  that  of  lighting.  The  authors  again  illustrate 
their  point  by  instancing  a  small  electric  Uft  in  a  private  house.  We 
have  in  Glasgow  ^ometlung  hkc  one  hundred  passenger  hoi>ts,  which 
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Mr  Lackie.  are  intermittently  used  from  9  a.m.  to  6  p.m.,  or  9  hours  a  day.  The 
consumption  for  each  hoist  shows  that  its  load  factor  is  not  more  than 
6  per  cent,  yet  the  effect  of  all  those  hoists  joined  to  one  common 
source  of  supply  makes  a  load  factor  on  the  station  of  20  or  25  per 
cent.  No  such  combination  can  be  got  with  a  lighting  supply.  All 
the  bad  load  factor  lighting  comes  on  naturally  and  inevitably  when 
the  hours  of  darkness  set  in.  If  the  supply  authority  does  not  want 
to  take  on  the  short-hour  consumers,  who  they  think  would  be  unpro- 
fitable, they  can  quite  easily  deter  them  by  quoting  Section  21  of  the 
Electric  Lighting  Order,  1890,  which  states  that  the  supply  authority 
may  make  the  applicant  enter  into  a  contract  for  a  period  of  at  least 
two  years  for  such  an  amount  that  the  payment  to  be  made  for  the 
same  at  the  rate  of  charge  for  the  time  being  charged  by  the  under- 
takers shall  not  be  less  than  20  per  cent,  per  annum  on  the  outlay 
incurred  by  the  undertakers.  I  take  it  a  municipal  supply,  at  least, 
is  there  to  supply  every  one  on  reasonable  terms,  and  that  through 
all  the  consumers  being  joined  together  some  little  benefit  will  result, 
although  they  may  be  all  short-hour  consumers.  With  the  authors' 
system  of  applying  the  maximum  demand  system  I  entirely  disagree. 
They  propose  to  make  the  supply  engineer  or  station  manager  the 
instrument  for  fixing  the  maximum  demand  of  each  consumer.  I 
consider  this  quite  impracticable.  The  effect  of  the  diversity  factor 
on  the  standing  charges  is  shown,  but  if  applied  by  the  method 
suggested  it  strikes  me  that  the  lighting  consumers  would  be  getting 
the  benefit  of  the  diversity  factor  of  the  power  load,  and  the 
energy  at  a  lower  rate  than  if  the  power  consumers  were  not  there. 
The  diversity  factor  in  a  lighting  supply  is  very  much  less  than  in  a 
power  supply,  hence  the  power  consumers  should  get  the  benefit  of 
the  circumstances  they  create.  I  am  quite  sure  that  the  method  of 
applying  the  maximum  demand  system  suggested  in  the  paper  would 
lead  to  very  much  more  confusion  and  discontent  than  is  the  case 
with  Mr.  Arthur  Wright's  method.  The  result  of  charging  up  the  fixed 
charges  in  one  sum,  say,  once  a  quarter,  would  mean  that  the  winter 
and  summer  bills  for  current  would  be  very  much  alike.  It  would 
mean  that  many  lighting  consumers  would  get  in  a  bill  for  electricity, 
say,  at  the  end  of  the  summer  months,  when,  as  a  matter  of  fact,  they 
would  be  conscious  of  having  consumed  no  electricity  whatever  since 
paying  their  former  bill.  Mr.  Wright's  system  spread  the  standing 
charges  over  four  hundred  to  five  hundred  equal  payments,  and  on  the 
whole  this  does  not  lead  to  any  great  trouble.  I  am  sorry  the  authors 
have  raised  the  bogey  about  the  consumer  unconsciously  raising  his 
maximum  demand  through  inadvertently  turning  on  a  few  extra  lights. 
We  have  hundreds  of  consumers  in  Glasgow  whose  maximum  demand 
has  remained  the  same  for  years,  although  a  fresh  record  is  taken  once 
a  year,  and  the  maximum  demand  is  not  equal  to  the  number  of  lamps 
installed. 

Mr.  Mr.  J.  A.  Robertson  :  At  Greenock  we  are  in  the  happy  position  of 

having  a  large  power  load  so  that  we  are  not  affected  to  the  same 
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extent  as  those  who  have  to  rely  on  their  lighting  business.  In  many  Mr. 
casc^,  however,  we  have  found  during  the  last  quarter  that  our  large  '^°**^-^" 
cw4omers  arc  reducing  their  bills  appreciably  by  the  use  of  metallic 
filament  lamps,  and  if  wc  were  relying  solely  on  our  lighting  business  I 
would  have  no  hesitation  in  recommending  my  Council  to  increase  the 
price  per  unit.  On  the  other  hand,  there  is  no  doubt  at  all  that  the 
introduction  of  these  lamps  is  going  to  be  of  tremendous  benefit.  We 
have  only  touched  the  fringe  of  the  lighting  business  as  yet,  and, 
provided  that  we  can  find  cheaper  methods  of  laying  our  services  and 
ot>tain  a  less  costly  meter  than  is  available  at  present,  we  have  only  to 
wait  for  a  year  or  two  to  find  that  we  are  beating  incandescent  gas 
out  of  the  field.  This  will  certainly  be  the  case  at  least  for  shop- 
lighting  and  in  all  but  the  very  smallest  class  of  dwelling  houses.  As 
an  instance  of  what  metallic  filament  lamps  can  do,  I  may  state  that  in 
the  latter  part  of  last  year  we  connected  up  a  public  institution  to  our 
m^iins  where  gas  lighting  had  been  previously  in  use,  but  was  being 
discarded  because  of  insufficient  light.  In  that  institution  there 
are  about  600  metallic  filament  lamps  and  300  carbon  lamps. 
For  the  first  four  months  of  1907  the  lighting  of  the  institution 
with  ^s  at  2s.  8d.  per  1,000  cub.  ft.  cost  .£102,  and  for  the  same 
period  of  1908,  with  vastly  improved  lighting,  the  cost  with  electricity 
at  4d.  per  unit  was  ;^88.    The  supply  is  1 10  volts  alternating  current. 

I  d<»  not  agree  with  the  authors  in  their  advocacy  of  these  complicated 
systems  of  charging.  I  take  this  position  on  the  broad  principle  that 
anything  which  tends  to  cause  a  consumer  to  limit  his  consumption 
is  had.  The  maximum  demand  system  is  at  fault  inasmuch  as  it  does 
not  take  into  account  the  time  at  which  the  maximum  demand  is  made. 
In  most  towns  with  a  mixed  power  and  lighting  load  we  find  that  for 

I I  or  2  hours  per  day  in  winter-time  ^le  demand  at  the  peak  is  twice 
the  normal  due  to  overlapping.  Tliis  peak  determines  the  capital 
expenditure  in  the  station,  and  if  we  can  get  a  customer  to  keep  off  at 
this  time  it  does  not  matter  how  much  he  may  demand  or  how  often  he 
may  make  it. 

The  contract  demand  system  appears  somewhat  better,  but  it  is 
open  to  objection  for  the  same  reason,  and  any  station  engineer  can 
easily  imagine  the  difficulties  which  would  be  found  in  fixing  the 
amount  of  a  consumer's  contract  demand,  especially  in  a  small  town 
where  every  one  knows  his  neighbour's  business.  The  "  Norwich " 
s\Ntcm  of  charging  is  a  distinct  departure  and  will  be  watched  with 
interest,  but  the  most  perfect  method,  in  my  opinion,  is  the  double 
tariff  system  ;  but  the  time  is  not  far  distant,  I  think,  when  we  will  find 
that  a  low  flat  rate  with  a  sliding  scale  according  to  quantity  will  meet 
all  requirements,  provided  that  a  minimum  charge  is  made  to  cover  the 
ilanding  charges  on  the  cost  of  services  and  supply  meters. 

Mr.  M.  K.  Cooper  :  I  am  glad  to  have  this  opportunity  of  giving  the   Mr.Coi.p«T. 
ri^MiUb  of  my  experience  in  connection  with  metallic  filament  lamp^. 
I  agree  that  in  some  cases  consumers  will  be  able  to  do  with  fewer 
potots  and  thus  reduce  their  consumption.    I  have  had  this  experience 
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Mr.  Cooper,  with  our  own  clients,  and  they  have  expressed  their  great  satisfaction. 
Upon  looking  into  the  matter,  1  find  that  the  supply  station  suffers  very 
little  thereby,  and  in  some  cases  not  at  all.  For  instance,  a  leading 
warehouse  in  town  has  had  on  one  flat  forty-eight  8-c.p.  carbon  lamps, 
which  equal  approximately  1,538  watts  and  384  c.p.  I  have  fixed  up 
twenty-four  32-c.p.  metallic  filament  lamps,  equal  approximately  to 
1,360  watts  and  788  c.p.  in  all,  that  is  an  increase  of  about  400  c.p. 
.  and  a  decrease  of  170  watts.  This  customer  was  so  highly  satisfied 
with  the  result  that  he  added  other  six  lamps  in  different  parts  of  the 
warehouse,  and  he  would  not  have  done  so  had  he  not  used  the  metallic 
filament  lamps. 

As  a  matter  of  fact  I  can  only  agree  with  the  authors  on  one  point, 
and  that  is  the  life  of  the  lamp,  which  is  a  very  important  factor.  I 
have  seen  in  some  cases  the  lamp  going  in  a  very  short  time,  say  within 
50-100  hours. 

Comparing  this  country  with  others,  I  find  that  in  Great  Britain 
the  charges  for  current  are  very  high.  I  have  been  in  the  trade  since 
1895  in  three  different  countries — Germany,  Russia,  and  Austria — and 
I  have  never  received  such  serious  complaints  as  from  the  consumers 
of  this  country.  The  authors  of  the  present  paper  prophesy  that  if  the 
increase  of  metallic  filament  lamps  comes  about — which  I  have  no 
doubt  it  will — it  will  not  so  much  affect  the  large  companies  in  the 
manufacturing  centres  (as  they  have  a  great  power  load,  and  do  not 
depend  so  much  on  lighting),  but  it  will  prove  most  serious  to  the 
majority  of  stations  in  residential  districts  which  depend  almost  entirely 
on  a  lighting  load.  What  steps  are  the  supply  stations  going  to  take 
to  meet  it  ?  One  step,  I  think,  might  be  taken,  and  that  is  the  adoption 
of  the  Continental  system  of  wiring.  I  have  carried  out  a  great 
many  installations  in  Germany^  Austria,  and  Russia,  and  when  I 
inspected  one  of  these  last  year  in  a  small  residental  town  near 
Frankfort-on-the-Main,  and  another  in  South  Russia,  I  found  them 
in  perfect  working  order,  and  there  were  no  complaints.  The 
population  of  the  town  in  question  is  about  32,000,  and  while  the 
supply  station  was  in  process  of  erection  between  the  years  1900-1901, 
there  were  about  1,500  consumers  only,  with  installations  varying  from 
6  to  250  lamps  ;  and  whilst  I  was  there  last  year  during  the  month  of 
August,  I  found  there  were  about  2,350  consumers.  What  is  the  cause 
of  this  ?  Because  wiring  is  done  at  such  a  moderate  price,  about 
6s.  per  pomt,  including  ordinary  pendants. 

It  seems  to  me  that  their  system  of  wiring  should  be  adopted  in  this 
country,  in  a  modified  form  at  least,  and  it  would  open — in  my  opinion 
— a  great  field  for  every  one  concerned — maufacturer^  contractor,  and 
supply  statio;i  undertakers.  I  sincerely  hope  that  there  will  be  no  fear 
for  high-efficiency  lamps,  and  that  electricity  will  ere  long  compete 
more  effectively  with  gas.  This  system  and  the  high-efiiciency  lamp 
will — thrpugh  time — lead  to  a  great  increase  of  consumers. 
The  The  Chairman  (Professor  F.  G.  Baily) :  I  agree  with  Mr.  Robertson 

that  the  demand  system  of  chargmg  is  not  a  sound  one,  inasmuch  as  it 


ChaHinan. 


1906L]  AND  NEW  LAMPS  :  DISCUSSION.  S86 

docs  not  distingmsh  between  a  man  whose  demand  coincides  with  the  T»t 
station  peak  and  a  man  whose  demand  ocan  during  a  period  o^  light 
W)ad.  To  make  a  fair  charge  the  meters  shook!  be  governed  so  as  to 
record  slowly  when  the  station  load  is  light,  and  rapidly  dming  the 
peak,  and  discoonts  shook!  be  allowed  to  large  consumers,  in  conse- 
quence of  the  smaller  proportional  cost  of  connection,  meters,  clerking, 
«nd  collecting.  There  is  no  need  to  distinguish  between  power,  heating 
*nd  lighting,  for  it  makes  no  di£Ference  to  the  central  station  what 
kind  of  demand  a  consumer  makes,  intermittent  or  regular,  large  or 
*n*all,  within  reason,  so  long  as  his  demand  keeps  off  the  peak,  for 
the  multitude  of  small  fluctuations  will  produce  a  fairly  steady  ootRow 
ol  current  and  load  on  the  boilers.  That  is,  I  believe,  the  logical 
system  of  charging,  to  a  first  approximation  of  accuracy ;  but  I  am 
quite  wining  to  admit  that  it  may  not  be  the  best  method  from  the 
commercial  point  of  view,  where  the  keenness  of  the  price  in  a 
particular  line  depends  on  the  competition. 

Mr.  William  Sillery  (communicafed)  :  The  advent  of  the  metallic  >'f*'>'«^- 
filament  lamp,  in  my  opinion,  is  one  of  the  most  advanced  steps  in  the 
supply  of  electricity  during  the  last  fifteen  or  twenty  years.  Further, 
aD  interested  in  electrical  undertakings  have  devotedly  wished  for  such 
a  weapon  to  combat  other  rival  systems  of  lighting.  In  the  past  too 
much  attention  has  been  given  to  complicated  devices  between  con- 
somers  supply  and  the  station,  and  all  sorts  of  means  and  instruments 
were  introduced  that  resulted  in  the  drawback  of  keeping  would-be 
coosomers  from  coming  on  the  mains.  I  am  of  opinion  a  universal 
flat  rate  should  be  adopted  with  no  distinction  as  to  what  purpose 
current  may  he  used  for. 

Mr.  Hakdcock  and  Mr.   Dykes   (in  reply):    Tariff   Reform   is  a  ^^"^3*" 
difficult  subject,  even  if  it  is  only  in  the  electrical  world,  and  we  are   Mr.  Dyke*, 
therefore  not  surprised  that  very  diverse  opink)ns  have  been  taken  of 
the  points  raised  in  our  paper.    In  repl3Hng  to  the  discussion,  we 
should  tike  to  treat  first  the  effect  of  the  metallic  filament  lamps  on 
the  station  output  if  the  rates  be  kept  as  at  present. 

We  have  been  surprised  to  find  that  everybody  has  thought  we  are 
pessimistic  with  regard  to  the  effect  of  the  advent  of  that  lamp.  We 
are  not  at  all  pessimistic.  All  we  do  say  is  that  to  get  the  full  advan- 
tage of  the  lamp,  the  price  of  the  current  should  be  slightly  raised  in 
the  case  of  those  stations  which  will  be  undoubtedly  badly  affected. 
There  is  room  to  raise  the  price,  and  still  for  the  consumer  to  make 
a  trig  saving.  We  do  not  see  why  any  station  should  make  a 
kMS  for  want  of  a  little  courage  in  raising  the  price  somewhat  now. 
Mr.  Wright  says  we  must  induce  people  to  use  three  times  the  amount 
ol  light  and  keep  their  consumption  the  same—a  delightful  solution 
to  the  problem— but  how  can  one  do  it  ?  People  do  not  greatly 
increase  their  light,  but  they  do  reduce  their  consumption.  Proljably 
every  member  could  bring  forward  instances  of  this,  and  many, 
pBUticulady  those  in  charge  of  alternating-current  stations  supplying 
residential  districts,  can  point  to  the  mournful  fact  that  their  K>ulput 
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Mr.  Hand-  has  fallen  considerably  below  what  it  was  a  year  or  two  ago.  It  is 
Ur/DyktM,  true  that  direct-current  stations  have  so  far  not  suffered  to  anything 
like  the  same  degree  as  the  alternating-current  stations,  but  the 
"  shunt "  lamp  shown  by  Mr.  Stearn  (and  for  which,  as  that  gentleman 
remarked,  we  fear  that  we  are  responsible)  will  bring  many  possi- 
bilities in  the  way  of  economy,  within  reach  of  the  direct-current 
consumer,  which  were  previously  only  available  to  consumers  on 
alternating-current  circuits.  Mr.  Tapper,  of  the  Beckenham  Electricity 
Works,  seems  to  us  to  have  put  the  case,  as  it  affects  a  certain  class  of 
station,  in  a  nutshell. 

We  may  mention  the  case  of  a  certain  well-known  alternating- 
current  station,  the  name  of  which,  for  obvious  reasons,  we  withhold. 
During  the  last  three  years  the  number  of  consumers  and  the 
lamp  connections  have  increased  with  satisfactory  regularity,  and 
up  to  last  summer  the  output  increased  in  an  equally  gratifying 
manner.  During  last  autumn  the  district  was  invaded  by  the  new 
metallic  filament  lamps,  with  the  result  that  the  station  output  has 
gradually  fallen,  until  at  the  present  time  it  is  well  below  what  it  was 
two  years  ago. 

Certain  electrical  journals  and  several  members  who  took  part  in 
the  discussion,  apparently  advise  the  engineers  in  charge  of  those 
stations  not  to  be  troubled,  but  to  wait  patiently,  and  in  a  few  years 
time  the  increase  in  the  number  of  consumers  will  more  than  repay 
them  for  the  temporary  diminution  in  their  receipts.  Mr.  Hirst,  with 
his  well  known  business  ability,  saw  clearly  from  the  beginning  that 
the  effect  on  the  stations  might  be  serious  to  commence  with,  and 
personally  we  regard  it  as  a  great  pity  that  the  offer  which  he  made  to 
the  station  engineers  was  not  accepted.  He,  nevertheless,  is  one  of 
those  who  strongly  urges  that  station  engineers  should  do  nothing. 

Let  us  consider  the  position  for  a  moment.  For  lamp  makers  the 
conditions  have  altered,  and  they  find  themselves  in  possession  of  a 
lamp  which  gives  three  times  the  light  for  the  same  amount  of  current. 
At  the  same  time  the  station  engineer  finds  the  conditions  changed, 
and  his  current  is  able  to  give  three  times  the  amount  of  light  that  it 
did  formerly.  Their  advice  to  the  station  engineer  is  to  continue  to 
sell  his  current  at  the  same  price,  and  cheerfully  endure  the  loss  for  a 
longer  or  shorter  period,  in  the  hope  that  eventually  he  will  recoup 
himself.  It  is  to  be  expected,  therefore,  that  the  lamp  makers  would 
sell  the  new  lamps  at  the  same  price  as  the  old,  and  trust  to  the  in- 
creased sales  to  repay  them.  Is  this  what  has  happened  ?  No  !  They 
charge  for  the  new  lamps  four  times  as  much  as  for  the  old,  but 
promise  that  as  the  sales  increase  and  they  find  themselves  in  a 
position  to  do  so,  they  will  lower  the  price.  We  think  the  station 
engineer  will  do  well  to  follow  their  practice. 

Again,  if  it  be  true  that  the  effect  of  these  lamps,  giving  three  times 
the  amount  of  light  for  the  same  current,  will  be  to  induce  such  a  rush 
of  customers  as  to  more  than  repay  the  station  engineers  for  their 
initial  loss,  surely  the  same  result  might  have  been  obtained  in  the 
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days  of  carbon  lamps  by  boldly  reducing  the  price  of  current  to  one-   Mr.  Hand. 

UmU  cock  auKl 

°^'  Mr.  Dykei, 

Mr.  Wright  states  that  if  the  output  of  the  Marylebone  Station  were 
doubled,  the  cost  would  probably  come  down  from  4^.  to  2id. 
Sorely,  then,  if  our  critics  are  right,  what  he  should  have  done  a  year 
or  two  ago  was  to  reduce  his  price  from  4^6.  to  2id.,  when  the  increase 
in  new  consumers  would  have  more  than  recouped  the  loss.  He  did 
not  do  so,  however.  Both  he  and  Mr.  Bottomley  Smith  are  well  aware 
of  the  service  difficulty,  and  they  both  hope  that  it  will  be  overcome  in 
the  future,  but  that  day  is  not  yet ;  and  meantime  we  think  it  may  be 
taken  that  the  discussion  has  endorsed  our  view  that  if  matters  are  left 
as  they  are,  the  stations  will  be,  for  a  longer  or  shorter  period,  badly 
affected.  Capital  is  at  the  present  time  very  nervous,  an^  local 
authorities  hesitate  before  expending  money  on  electrical  plant.  The 
effect  of  a  cessation  of  dividends  or  a  call  on  the  rates,  even  if  only 
lor  a  short  time,  would  be  far  reaching  and  would  greatly  affect  every 
section  of  the  electrical  industry. 

In  the  light  of  the  fact  that  a  consumer,  using  the  new  lamps,  could 
be  charged  as  high  as  an  average  of  is.  2d.  per  unit  without  affecting 
his  total  lighting  bill,  what  possible  reason  is  there  for  the  industry 
incurring  a  loss  when  it  can  be  avoided  by  a  slight  adjustment  of  price  ? 
Given  that  a  readjustment  is  necessary,  on  what  basis  shall  it 
proceed?  Since  our  paper  was  written,  we  have  been  gratified  to 
find  that  many  others,  who  have  given  thought  and  attention  to  the 
subject,  have  arrived  at  practically  the  same  conclusions  as  ourselves. 
Mr.  Long  is  one  of  these  and  he  has  explained  his  method  on  carrying 
it  into  effect.  His  system,  as  far  as  it  relates  to  business  premises, 
is  practically  the  same  as  our  own,  with  the  exception  that  he  does 
not  use  limit  indicators,  and  relies  for  carrying  it  into  effect  on  his 
knowledge  of  every  consumer's  load  factor  and  maximum  demand, 
the  latter  obtained  apparently  by  maintaining  their  lamps.  He  supplies 
two  valuable  facts  : — 

First,  that  the  consumers  easily  understand  the  system,  and  do 
oot  object  to  it,  thus  answering  Mr.  Smith. 

Secondly,  that  the  consumption  per  lamp  increases. 
Mr.  Bowden  refers  to  an  article  by  himself  and  Mr.  Tate,  in  which, 
withoat  of  course  having  metallic  filament  lamps  in  mind,  he  came  to 
the  same  conclusions  as  ourselves,  namely,  that  consumers  should  be 
charged  a  rental  depending  on  their  demand  on  the  station  and  in 
addition  a  meter  charge  to  cover  the  running  costs.  After  careful 
anaJ3rsis  of  the  Poplar  accounts,  they  constructed  a  table  showing  that 
3d  that  time  the  consumer  who  used  his  lights  on  the  average  of  only 
a  qoartcr  of  an  hour  per  day  cost  the  station  38*ood. ;  the  one-hour 
oon^omer,  7*35d. ;  the  six-hour  consumer,  i*6od. ;  and  the  twenty-four- 
hour  consumer,  o74d. ;  or,  in  other  words,  that  the  short-hour 
consumers  were  a  dead  loss  to  the  station,  even  if  charged  the  full 
8d.  per  unit.  If  this  is  true  in  the  case  of  a  large  metropolitan  station, 
a  will  t>c  still  more  true  in  the  case  of  a  rural  or  suburbam  station. 


Mr.  Hand, 
cock  and 
Mr.  Dykes. 
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What  possible  justification  can  there  be  under  these  circumstances 
for  charging  a  flat  rate,  and  for  the  legislature,  by  retaining  the  8d. 
limit,  to  cause  the  station  to  charge  a  man  who  should  only  pay 
o»74d.  per  unit,  four  or  five  times  as  much,  simply  in  order  that  a 
number  of  other  consumers  should  have  their  current  at  far  below  cost 
price  ?  This  may  carry  out  the  letter  of  the  Act,  but  it  certainly  does 
not  correctly  interpret  the  views  of  the  framers  of  that  Act. 

Engineers  generally  being  agreed  upon  the  principle  of  charging, 
the  question  remains  as  to  the  best  method  of  carrying  it  into  effect 
Is  the  system  which  we  suggested  the  best  way  to  do  so  ?  What  are 
the  criticisms  ? 

Mr.  Bowden  states  that  the  whole  paper  *'  is  based  upon  a  miscon- 
ception of  the  fundamental  principle  of  equitable  charging."  To  prove 
this  point,  he  takes  the  following  figures  relating  to  the  Poplar  Station. 

He  estimates  that  during  the  year  the  figures  will  be : — 


Maxiratun 
Load  on 
Station. 

Units 
Consumed. 

Price 
per  Unit 
Charged. 

Total 
Revenue. 

Power 

Private  lighting 
Public  lighting 

Kilowatts. 
1,700 

1,000 

200 

4I  millions 
I 
i        „ 

d. 
105 

3*43 

rso 

£ 
18,593 

14*291 

4,687 

He  then  attempted  to  apply  our  system  to  these  figures,  but,  unfor- 
tunately, made  two  mistakes.  The  first  is,  that  he  has  added  all  his 
expected  profit  on  to  the  rental  charge,  and  the  second,  that  he  has 
charged  the  consumers  on  the  capacity  of  plant  or  lights  installed 
instead  of  on  their  contract  demand.  The  effect  of  this,  of  course, 
would  be  the  same  as  the  original  Hopkinson  method — to  reduce  the 
lights  installed.  All  that  concerns  the  station  is  the  demand  the  con- 
sumer elects  to  make  on  it. 

We  agree,  nevertheless,  that  the  effect  of  our  system  on  his  figures 
would  be  to  increase  somewhat  the  charge  for  power  and  reduce  it  for 
private  lighting.  This,  Mr.  Bowden  considers  absolutely  wrong,  but 
let  us  for  a  moment  consider  his  figures. 

His  revenue  from  1,700  k.w.  power  demand  is  ;£i8,593  per  annam, 
or  in  other  words,  he  gets  ;£io*94  per  kilowatt  of  demand  on  the 
station  for  which  he  supplies  2,500  units  per  kilowatt,  which  is 
equivalent  to  running  his  plant  for  2,500  hours  per  annum.  From  the 
1,000  k.w.  of  private  lighting  demand  he  receives  a  revenue  of 
;£i4,29i,  or  ;£i4*3  per  kilowatt  of  demand  on  the  station  for  which  he 
supplies  1,000  units  per  kilowatt  equivalent  to  running  his  plant  for 
1,000  hours,  and  for  public  lighting  ;£23-43  per  kilowatt  of  demand 
for  3,750  hours. 
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Thus  the  lighting  consmncr  pays  nearly  40  per  cent  more  per  ?J|^**2I*" 
kilowatt  of  demand  on  the  station  than  the  poffer  coienmer,  altboogh  Mr.  Dykc^ 
the  latter  uses  the  plant  3^  times  as  kmg.  It  b  farther  dear  that 
pat>lic  lighting  is  also  penalised  to  sobskiisc  tlie  power  consomer. 
This  is  clearly  not  "  equitable  charging,"  allhoogh  we  do  not  deny  that 
in  certain  cases  it  may  be  good  bosiness  policy  to  encourage  the  me 
of  corrent  for  power  purposes. 

Mr.  Wright  also  points  out  that  the  current  for  power  should  be 
supplied  at  less  cost  than  for  lighting  owing  to  its  gre^Ur  diversity 
factor.  Our  system,  as  proposed,  goes  a  long  way  towards  meeting 
this,  and  can,  and  should  be  made  to  do  so  abaobitcly. 

If  a  consumer  has  lamps  connected  of  a  total  capacity  of  100  k.w.,  he 
will  probably  put  his  contract  demand  at  70  k.w.  If  be  has  motors  of 
an  aggregate  capacity  of  100  k.w^  owing  to  the  greater  diversity  factor, 
be  would  probably  put  his  contract  demand  at  35  k.w.  In  the  first 
case,  therefore,  his  rental  charge  would  be  double  what  it  would  be  in 
the  second.  This,  however,  like  the  maximum  demand  system,  is  not 
quite  fair  to  the  consumer  with  only  one  meter,  as  his  diversity  factor 
in  that  case  would  be  unity. 

It  is  well  known  that  if  a  demand  indicator  is  put  in  a  works  with 
ten  i-H.P.  motors,  and  that  if  demand  indicators  are  put  in  ten  work^ 
each  with  one  motor,  the  revenue  derired  from  the  ten  in>taIIations 
with  one  motor  each  will  be  considerably  greater  than  that  derived 
from  the  works  with  ten  motors. 

The  point,  however,  is  easily  met  by  charging  power  consumers  a 
lower  rental  per  kilowatt  of  contract  demand  and  public  lighting  a 
somewhat  higher  one  than  fighting  consumers,  the  exact  difference 
depending  on  the  ratio  between  their  diversity  factors  and  the  pro- 
portion which  each  bears  to  the  total  demand  on  the  station. 

To  show  how  this  works,  we  take  Mr.  Bowdcn's  ftgares,  which  are 
very  interesting— our  own  used  in  preparing  the  paper  being  for  stations 
mpplpng  practically  private  lighting  only,  these  being  the  ones  most 
affected  by  the  lamps. 

The  total  revenue  is  j£37,57i,  of  which  j£4,ooo,  or  just  over  10  per 
cent^  is  profit  He  sells  six  millioo  units  which,  at  o'45d.  (bis  estimated 
running  costs)  plus  10  per  cent  for  profit,  equals  £12,^^$- 

His  standing  charges,  including  10  per  cent,  profit,  are  j^i^.soa  It 
is  dear  that  this  amount  must  be  allocated  amongst  the  three  clas!>es  of 
consumers  in  proportion  to  their  maximum  demand  on  the  station. 
(This  assumes,  as  would  be  approximately  the  case,  that  the  demands 
coincide.) 

Power  should  pay  ^i  of  jf  24,300 

SB  j£i4,i8o  -h  4i  million  units  at  o'495d.  s  ^^22,945. 

Private  Lighting  should  pay  IJ  of  £24,200 

^  j£^f344  +  I  million  units  at  o'495d.  =  £10406. 

Public  Lighting  should  pay  |\  of  £24,200 

"*£i»^  + 1  Ddillion  units  at  o'495d.  s  £3»2i^. 


Mr.  Hand, 
cock  and 
Mr.  Dykes. 
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Having  thus  calculated  the  total  amounts  to  be  obtained  from  each 
of  the  three  classes  of  consumers,  it  only  remains  to  allocate  it  amongst 
the  individual  members  of  each  in  proportion  to  their  contract 
demands.  What  proportion  these  will  bear  to  the  maximum  demand 
on  the  station  can  only  be  arrived  at  by  one  familiar  with  the  district 
and  the  individual  consumers. 

We  assume  that  the  1,700-k.w.  maximum  power  demand  on  the 
station,  derived  from  6,370  k.w.  installed,  would  give  3,685  k.w.  of 
contract  demand  ;  1,000  k.w.  private  lighting,  2,500  k.w.  installed, 
1,500  k.w.  of  contract  demand  ;  200  k.w.  public  lighting,  200  k.w. 
installed,  200  k.w.  of  contract  demand. 

This  would  bring  out  the  charges  for  the  three  classes  : — 


Power     £3'^4  per  k.w.  contract  demand  and  o*495d.  per  unit. 

Private  lighting    £s'S6      „  „  „        o-495d.       „ 

Public  lighting     ;£8'30      „  „       •      „        o-495d. 

For  comparison,  we  put  these  figures  beside  Mr.  Bowden's. 


MR.  BOWDEN'S. 

!                Handcock  &  Dykes.               ' 

1 

Total 
Revenue. 

Average 
per  Unit. 

Total 
!       Revenue. 

Average 
per  Unit. 

Rent  per 
KUovralt 
Contract 
Demand. 

Power       

Private  Lighting... 
Public  Lighting  ... 

18,593 
14,291 

4.687 

d. 
105 

343 

150 

£ 
22.945 

10,406 

1           3.218 

d. 
1290 

2490 

1027 

A 

556 
8-30 

At  first  sight  some  may  be  surprised  that  the  rental  per  kilowatt 
for  public  lighting  should  be  more  than  for  power  or  private  lighting. 
The  reason  is,  of  course,  that  owing  to  the  long  hours  and  unity 
diversity  factor  of  public  lighting  load  a  portion  of  the  plant  is 
practically  reserved  entirely  for  it. 

Mr.  Rawlings  raises  a  very  practical  point  as  to  what  would  happen, 
say  in  a  West- End  house,  where  they  occasionally  want  a  temporary 
extension  of  their  installation  for  an  entertainment.  This  would  be 
met  by  a  special  charge  for  the  evening  being  made.  The  amount  of 
this  charge  would  obviously  depend  on  the  time  of  year  and  whether 
the  plant  of  the  station  was  fully  loaded  or  not,  and  would  easily  be 
arranged  by  the  engineer  in  charge  of  the  station. 

We  cannot  quite  follow  the  argument  used  by  Mr.  Mordey  that  if  a 
party  is  given  in  one  house,  there  are  less  lights  used  in  the  others. 
This  would  seem  to  imply  that  while  a  man's  daughters  were  at  a 
dance  the  rest  of  the  family  sat  at  home  in  the  dark.  In  practice  it 
must  mean  a  somewhat  larger  load  on  the  mains,  although  of  course  in 
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a  large  district    the  effect   of  any  individual  entertainment  would   Mr.  H^d- 
scarccly  be  felt.    In  actual  practice,  small  country  stations  repeatedly  *St.  Dyke*, 
find  that  entertainments  simultaneously  at  one  or  two  large  consumers 
premises  do  increase  the  station  load,  and  therefore  must  lead  to  a 
larger  reserve   of   plant  l>eing  installed   than  would    otherwise    be 
necessary. 

Mr.  Still,  while  apparently  liking  the  system,  is  afraid  of  the 
difficulty  in  working,  and  anticipated  trouble  in  fixing  what  a  large 
consumer's  contract  demand  was.  The  underlying  principle  of  the 
system  is  that  there  is  no  need  for  the  station  to  fix  the  contract 
demand.  In  practice  the  system  would  probably  be  worked  as 
follows  : — 

On  a  new  consumer  being  connected,  the  supply  station  representa- 
tive, after  inspecting  the  premises  and  getting  an  idea  of  what  the 
naml>er  of  lights  would'  l>e,  would  ask  the  consumer  how  many  lights 
he  would  l>e  likely  to  want  to  bum  at  once,  a  question  which  with  a 
little  assistance  from  the  engineer,  few  consumers  would  have  any 
difficulty  in  settling.  He  would  then  say,  "  We  shall  put  you  in  a  meter 
which  will  give  you  current  up  to  this  amount,  and  for  the  facility  you 
will  be  charged  a  fixed  rental  per  annum,  divided  into  four  quarterly 
iostalmcnts  d  so  much,  and  in  addition,  all  the  current  you  use  will 
be  charged  at,  say,  id.  per  unit."  It  would  be  pointed  out  to  the 
coctsumer  that  the  charge  for  current  would  only  amount  to  a  small 
sum,  and  that  therefore  there  would  be  no  necessity  to  l>e  always 
troubling  to  turn  off  the  lights,  as  is  done  at  the  present  time,  and  that 
within  a  little  he  would  know  what  his  bill  was  going  to  be* 

Probably  in  nine  cases  out  of  ten  this  would  end  the  matter,  but  in 
Xbc  remaining  case  the  consumer  would  find  that  after  a  few  days  or 
weeks  he  was  exceeding  his  demand  and  the  lights  were  becoming 
dimmed.  He  would  inform  the  station  of  this,  when  they  would  point 
cot  to  him  that  he  was  obviously  using  more  lights  than  he  anticipated 
when  he  made  arrangements  with  the  company,  and  that  he  could 
either  keep  to  his  original  price  by  switching  off  some  of  his  lamps,  or 
ooold  have  the  capacity  of  his  meter  increased  (there  is  no  need  to 
confuse  him  with  the  words  "  limit  indicator  "  at  all),  when  he  would 
Ikave  to  pay  a  somewhat  higher  rental. 

The  accounts  would  be  simplicity  itself.  A  rental  charge  depend- 
ing on  the  capacity  of  the  meter  (that  is,  of  course,  on  the  setting  of 
the  "  limit  indicator ")  and  id.  per  unit  for  all  current,  whether  for 
basement  or  bedroom  lighting  or  for  a  radiator. 

If  the  current  were  entirely  for  lighting,  the  rental  would  be  some- 
what higher  than  if  for  power.  Surely  this  meets  the  demand 
emphasised  by  several  speakers  for  a  simple  system  of  charging. 

If  one  tells  a  new  customer,  who  knows  nothing  of  electricity, 
that  he  will  be  charged  at  a  flat  rate  of  3d.  per  unit,  he  has  not  the 
faintest  idea  as  to  what  his  bill  is  likely  to  be,  and  many  people  will  not 
come  on  to  the  mains  for  this  reason. 

Wtth  the  contract  demand  system,  however,  the  station  engineer 
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Mr.  Hand-  can,  in  most  cases,  form  a  pretty  accurate  idea  as  to  what  the  contract 
M^!^D^kes.  demand  is  likely  to  be,  and  with  that  information  he  can  tell  the 
customer,  straight  away,  very  closely  what  the  bill  for  lighting  will 
amount  to. 

Incidentally,  the  system  has  one  very  great  advantage  in  that  it 
would  tend  to  equalise  the  accounts  for  the  four  quarters  of  the  year. 
Consumers  always  grumble  when  they  get  a  heavy  winter-quarter's  bill, 
but  are  apt  to  overlook  the  fact  that  they  have  had  a  correspondingly 
light  bill  in  the  summer  quarter. 

In  the  case  of  continuous-current  stations,  the  indicator  for  a  light- 
ing load  consists  of  a  small  form  of  cut-in  and  cut-out,  which,  when  the 
current  exceeds  a  predetermined  limit,  operates  and  throws  a  resistance 
in  and  out  of  circuit,  thus  causing  the  whole  of  the  lights  to  jump  up 
and  down  in  a  most  irritating  manner.  In  alternating-current  stations 
a  small  choking  coil  takes  the  place  of  the  resistance.  On  the  lamps 
which  are  lighted,  being  reduced  to  the  normal  number,  the  indicator 
ceases  to  operate  and  the  lighting  becomes  normal  again. 

On  power  loads  we  prefer  to  use  a  form  of  maximum  demand 
indicator  having  a  considerable  time  lag,  together  with  a  l>ell  which 
starts  ringing  when  the  limit  is  exceeded.  The  consumer  can  then  either 
reduce  the  load,  or,  if  this  is  not  done  within  the  period  taken  by  the 
demand  indicator  to  record  the  excess  of  current,  the  actual  demand  as 
shown  on  the  demand  indicator  will  be  taken  as  his  "  contract  demand" 
and  the  rental  adjusted  accordingly.  The  object  in  introducing  a 
considerable  time  lag  is  to  avoid  penalising  consumers  for  a  momentary 
overload,  and  to  ensure  the  carrying  out  of  the  underlying  principle  of 
our  system,  namely,  that  the  consumer's  demand  is  under  his  own 
control,  and  he  cannot  be  called  upon,  as  in  the  maximum  demand 
system,  to  pay  an  increased  bill  without  his  being  in  advance  fully 
conversant  of  the  liability  which  he  was  incurring. 

A  complaint  is  often  made  against  electrically  lit  houses  that,  owing 
to  passage  and  bedroom  lights,  etc.,  being  immediately  switched  off 
when  not  actually  required,  the  houses  look  dark.  Again,  people  often 
use  gas  for  kitchens  and  passages  and  other  long-hour  lights,  and  keep 
electricity  for  the  short-hour  lights. 

This  state  of  affairs,  which  is  absurd  in  the  light  of  the  figures  given 
in  our  paper  as  to  the  relative  capitalisation  of  gas  and  electricity 
undertakings,  has  been  brought  about  entirely  by  the  use  of  the  flat 
rate. 

Once  the  contract  demand  system  is  adopted  it  makes  very  little 
difference  in  the  annual  bills  if  such  lights  be  used  for  double  the 
length  of  time,  a  result  which  will  go  very  far  to  make  electric  lighting 
popular.    This  effect  is  clearly  borne  out  by  Mr.  Long's  results. 

This  system  can,  of  course,  be  adopted  without  increasing  the 
average  price  at  all,  if  it  is  not  considered  that  an  increase  is  necessary. 
Consumers  can  be  given  the  option  of  being  charged  on  this  system  or 
on  the  maximum  flat  rate  provided  in  the  schedule  of  that  particular 
order. 
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In  nuny  districts  it  will  probably  be  foond  advisable  boldly  to  ^LJ!^ 
recommend  all  consumers  to  use  the  new  lamps,  p<Hnting  out  to  them  Mr.  Dykes, 
the  saving  to  be  eflfected,  and  adjusting  the  rental  charge  to  such 
a  figure  as  will  give  an  increased  return  per  unit,  sufficient  to  counter- 
act the  falling  off  in  the  demand  of  individual  consumers. 

Although  this  will  meet  the  position  in  most  cases,  we  are  strongly 
of  opinion  that  the  inequality  of  the  present  legal  flat  rate  should  l>e 
brought  before  the  authorities.  The  Board  of  Trade,  we  have  reason 
to  believe,  will  consider  sympathetically  any  representations  made  by 
this  Institution. 

We  are  not  of  opinion  that  it  will  be  necessary  to  raise  the  average 
price  above  the  present  statutory  limit,  but  are  firmly  convinced 
that  we  should  have  powers  to  charge  unprofitable  short-hour  con- 
sumers more  than  they  are  at  present  paying  in  order  to  reduce  the 
price  to  the  more  remunerative  long-hour  consumers,  and  thus  compete 
with  other  illuminants  on  a  more  logical  and  at  the  same  time  more 
remunerative  basis. 

Obviously  there  are  many  points  better  discussed  in  private,  and  we 
venture  therefore  to  suggest  that  the  Institution  should  call  together  a 
committee  of  those  most  interested  in  the  matter,  to  consider  if  joint 
action  is  advisable,  and  if  so,  to  formulate  proposals. 

It  is  very  interesting  to  hear  Mr.  Lackie's  views  on  our  paper, 
but  he  has  one  great  advantage  over  us,  as  we  are  responsible  for 
several  stations  which  supply  almost  entirely  a  residential  load,  and, 
unfortunately,  these  stations  cannot  supply  a  power  at  the  extremely 
tow  price  that  is  done  in  Glasgow,  and  there  is  not  so  much  induce- 
ment to  put  in  such  lamps  as  in  Glasgow.  We  take  comfort  from  the 
fact,  too,  that  the  tendency  has  been  to  use  more  illumination  and  not 
to  reduce  the  account  for  current.  That  is  quite  right  so  long  as  we 
have  to  put  twenty  or  thirty  lamps  in  scries,  but  it  is  a  different  thing 
when  we  can  put  in  a  transformer  and  use  a  lamp  taking  lo  watts,  as 
one  can  do  with  the  new  lamp  with  the  continuous  current.  One  docs 
not  want  to  use  a  glaring  light  at  home,  and  wc  arc  not  going  to  put  in 
a  light  that  would  ruin  our  eyes  more  than  ever.  Mr.  Lackie's 
idea  is  to  charge  so  much  per  kilowatt  installed  and  nothing  else, 
and  that  is  the  simplest  way  of  all,  but  we  do  not  t>elieve  in  charging 
it  per  kilou*att  installed,  because  that  tends  to  make  a  man  reduce  his 
light,  and  the  question  is,  How  many  can  he  put  on  at  once?  If  one  does 
not  make  some  small  charge  there  is  a  tendency  to  waste,  and  one 
might  as  well  make  a  little  charge.  Mr.  Robertson  is  alho  in  the  posi- 
ti<m  of  having  a  large  power  load ;  but  there  is  one  point  that  Mr. 
Robertson  touched  on,  namely,  the  fact  that  the  gas  companies  cannot 
reduce  their  price  very  much.  There  is  no  margin  for  them  on  their 
capital  cost  We  have  seriously  considered  the  matter  in  one  or  two 
towns  where  we  have  strenuous  competition  uith  gas,  and  where  one 
can  afford  for  a  year  or  two  to  make  a  loss  and  drop  the  price  right 
down.  We  can  cut  the  ground  right  from  under  the  gas  company,  but 
we  cannot  go  on  reducing  it    The  cost  is  in  making  the  gas,  thciciorc 
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Mr.  Hand-  they  cannot  go  down  below  a  certain  price,  whereas  electrical 
Mr.  Dykes,  companies  can  afford  to  set  aside  for  a  year  or  two  their  interest  on 
their  capital,  and  can  afford  to  run  the  gas  company  off  the  field  and 
then  be  able  to  raise  the  price.  Mr.  Cooper  makes  a  very  good 
suggestion,  that  the  consumers  want  a  little  instruction  as  to  the 
handling  of  filament  lamps.  When  one  gets  a  filament  lamp  into  its 
place  it  will  stand  a  good  deal  of  vibration,  but  if  it  is  dropped 
suddenly,  being  very  brittle,  it  usually  breaks.  As  to  Professor 
Baily's  remarks  about  improving  the  load  factor,  we  must  confess, 
with  all  due  deference,  that  we  do  not  kiiow  how  we  are  going  to 
do  so,  unless  we  go  on  in  the  old  way. 

At  each  meeting  at  which  the  paper  was  read  a  cordial  vote  of 
thanks  was  passed  to  the  authors  for  their  valuable  communication. 
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Proceedings  of  the  Four  Hundred  and  Seventy-sixth 
Ordinary  General  Meeting  of  the  Institution  of 
Electrical  Engineers,  held  at  the  Institution  of 
Mechanical  Engineers,  Storey  s  Gate,  St.  James's 
Park,  Westminster,  on  Thursday  evening,  April 
23,  1908 — Colonel  R.  E.  Crompton,  CB., 
President,   in  the  chair. 

The  mtnotes  of  the  Ordinary  General  Meeting  held  on  April  <>,  1908, 
were  taken  as  read,  and  confirmed. 

The  list  of  candidates  for  election  into  the  Instttation  was  taken 
as  read,  and  it  was  ordered  that  it  should  be  suspended  in  the 
Library. 

The  following  list  of  transfers  was  published  n^  having  been 
approved  by  the  Council : — 

TRAXSFERS. 

From  the  class  of  Associates  to  that  of  Associate  Members  : — 
John  M.  Harvard.  |        Henry  B.  Swift 

From  the  class  of  Students  to  that  of  Associate  Members  :— 
Philip  P.  Sandford. 

Messrs.  L.  Gaster  and  R.  B.  Matthews  were  appointed  scrutineers 
of  the  ballot  for  the  election  of  new  members,  and,  at  the  end  of  the 
meeting,  the  following  were  declared  to  have  been  duly  elected  :— 

ELEcnoxs. 

As  Member. 
Charles  Douglas  Burnet. 

As  AssoctaU  Members, 
Frank  Stcadman  CoUings.         I        Archibald  R.  Low. 
Isaac  Dalmer.  I        Leonard  Oulton. 

John  Herbert  Fossett  !        WiUiam  E.  ShutUeworth. 

Reginald  Chalmers  Hammond,  Captain,  R.E. 
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As  Associates, 

George  Basil  Barham.  |        Edgar  Thomas  Larner. 

Vincent  Ignatius  Stephens. 


As  Students, 


Arthur  Roy  Alderson. 
Cyril  George  Dickinson. 
John  Horncastle  Eddison. 


Benjamin  Frederick  Hill. 
Robert  Douglas  Norman. 
John  Stephen. 


The    discussion    on    the    paper    by    Mr.    H.  W.    Handcock  and 
Mr.  A.  H.  Dykes  was  concluded  (see  page  355). 
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Proceedings  of  the  Four  Hundred  and  Seventy-seventh 
Ordinary  General  Meeting  of  the  Institution  of 
Electrical  Engineers,  held  in  the  Rooms  of  the 
Institution  of  Civil  Engineers,  Great  George 
Street,  Westminster,  on  Thursday  evening. 
April  30,  1908— Colonel  R.  E.  Crompton,  C.B., 
President,  in  the  chair. 

The  minutes  of  tlie  Ordinary  General  Meeting,  held  on  April  23, 
1908,  were  taken  as  read,  and  confirmed. 

The  list  of  candidates  for  election  into  the  Institution  was  taken  as 
read,  and  it  was  ordered  that  it  should  be  suspended  in  the  Library. 

The  following  list   of    transfers  was  published   as  having    been 
approved  by  the  Council : — 

TRANSFERS. 

From  the  class  of  Associate  Members  to  that  of  Members : — 
William  George  Murrin. 

From  the  class  of  Associates  to  that  of  Associate  Members  : — 
Newell  Hosgood. 

From  the  class  of  Students  to  that  of  Associate  Members : — 
H.  T.  G.  Edmonds.  I  George  W.  Kidd. 

Walter  J.  Jeffcry.  |  Henry  S.  Poole. 

The  Secretary  read  the  following  list  of  Council  nominations  for 
election  to  the  Council  for  the  ensuing  session  : — 

MEMBERS    NOMINATED   BY   THE   COUNCIL   FOR   OFFICE 

1908-09. 

As  President. 
Somination  W.  M.  Mordey. 

As  Vice-Presidents. 

r^a:         S^OU    H.   C.   L.    HoLDFX,    R..\.,   F.R.S, 

Remaimngtn  Office  ]  p^.  o.  Kapp. 


Siwliominations       j  c.  r  "tAKics, 
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Remaining  in  Office 


As  Ordinary  Members  of  Council. 
S.   EVERSHED. 

H.  E.  Harrison. 
Dr.  E.  Hopkinson. 
J.  W.  Jacomb-Hood. 
J.  E.  Kingsbury. 

M.  O'GORMAN. 

G.  W.  Partridge. 
W.  H.  Patch  ELL. 
W.  Rutherford. 

A.  A.  C.  SWINTON. 


New  Nominations 


/T.  Mather,  F.R.S. 

Major  W.  A.  J.  OMeara,  C.M.G, 
\  Prof.  A.  Schwartz. 

J.  F.  C.  Snell. 
Ig.  Stoney. 


As  Associate  Members  of  Council. 

o       •  •  ^  •    /^^       (  !•  Hunter  Gray. 
Rema^mngtn  Office    jjj.  human. 

New  Nomination  J.  E.  Taylor. 


For  Re-election 


For  Re-election 


As  Honorary  Treasurer. 
Robert  Hammond. 

As  Honorary  Auditors. 

{H.  Alabaster. 
Sidney  Sharp. 


The  President  :  This  list  has  been  prepared  in  accordance  with 
Article  45  of  the  Articles  of  Association,  and  it  is  open  to  any  member 
to  add  other  names  to  the  list  after  getting  the  consent  of  his  nominees 
to  act,  if  elected. 


The 
President. 


Mr. 
Parshall. 


Presentation  of  a  Bust  of  Benjamin  Franklin  by  the  American 
Institute  of  Electrical  Engineers. 

The  President  :  I  understand  we  have  among  us  an  ambassador 
from  the  American  Institute  of  Electrical  Engineers,  who  is  charged 
with  the  performance  of  a  certain  duty,  and  I  now  have  pleasure  in 
calling  upon  him  to  perform  it. 

Mr.  H.  F.  Parshall  :  Mr.  President  and  Members  of  the  Institu- 
tion of  Electrical  Engineers, — I  have  the  honour  and  pleasure  to 
present  on  behalf  of  the  American  Institute  of  Electrical  Engineers  a 
souvenir  of  their  happy  remembrances  of  a  trip  to  this  island  about 
a  year  and  a  half   ago.     They  were    so   cordially  received   by    the 
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members  of  this  Institution  that  a  lasting  impression  was  made  upon  Sji^an 
their  minds,  hence  the  desire  particularly  to  emphasise  in  a  permanent 
way  their  appreciation  of  the  kindness  and  hospitality  which  they 
received  at  the  hands  of  their  brother  engineers  in  Great  Britain. 
Although  the  number  of  meml>ers  of  the  American  Institute  that  were 
able  to  come  abroad  was  but  a  small  fraction  of  the  whole,  the  account 
they  gave  of  their  reception  was  so  cordially  received  by  the  Institute 
as  a  whole  that  this  tribute  comes  forward  by  the  unanimous  wish  of 
the  members  of  the  American  Institute.  It  may  not  be  generally  known 
that  this  presentation  would  have  been  made  on  the  inauguration  of 
Lord  Kelvin  as  President  of  this  Institution.  This  was  thought  to  be 
the  most  auspicious  occasion  that  could  be  selected  to  emphasise  the 
friendship  which  exists  between  the  two  institutions ;  in  fact,  it  was  felt 
that  this  was  the  most  auspicious  occasion  that  could  happen  in  the 
electrical  engineering  world,  since  nothing  could  so  far  advance  the 
position  of  the  electrical  engineer  as  the  fact  that  Lord  Kelvin  at  his 
great  age  and  with  his  great  position  was  willing  to  preside  over  this 
Institution  as  an  expression  of  his  desire  to  further  the  interests  of 
electrical  engineering.  Alas !  the  occasion  so  much  hoped  for  was  not 
to  be.  It  is  consoling,  however,  to  think  that  Lord  Kelvin,  accompanied 
by  Lady  Kelvin,  had  seen  this  statue  and  had  expressed  his  appreciation 
and  admiration  for  it,  and  it  certainly  adds  greatly  to  the  value  of  it  to 
know  that  he  strongly  approved  of  the  sentiment  by  which  the  gift  was 
prompted.  The  letter  from  Mr.  Pope,  Secretary  of  the  American 
Institute,  asking  me  to  make  this  presentation,  stated  that  the  subject 
was  Benjamin  Franklin.  It  appeared  to  me  that  the  selection  was  an 
extremely  happy  one,  since  America  can  claim  Benjamin  Franklin  by 
common  consent  as  her  greatest  natural  philosopher.  Kelvin,  as  we  are  all 
most  happy  and  proud  to  admit,  was  the  greatest  natural  philosopher  and 
scientist  associated  with  the  advancement  of  electrical  science  yet  born 
to  the  world.  Franklin's  insight  into  nature  came  from  a  purely  natural 
genius,  and  the  discoveries  he  made  were  intuitive.  Kelvin  had  the  same 
natural  genius,  but  he  had  the  additional  advantage  of  great  mathe- 
matical powers  of  analysis.  While  the  investigation  of  electrical  pheno- 
mena by  Franklin  was  but  one  department  of  a  busy  life,  and  became 
noore  of  a  pastime  given  out  of  such  time  as  could  be  spared  from  attend- 
ing to  matters  of  state,  since  he  was  perhaps  greater  as  a  statesman  than 
as  a  natural  philosopher,  Kelvin's  whole  life  was  devoted  to  science,  and 
without  intermission  he  successively  enriched  and  perfected  knowledge 
in  all  branches  of  physical  science.  It  has  been  frequently  stated  that 
for  all  practical  purposes  Franklin  was  an  Englishman.  That  his  origin 
and  methods  were  English  there  can  be  no  dispute  nor  wish  to  dispute 
to  far  as  the  Institution  I  am  speaking  for  is  concerned,  and  this  same 
characteristic  applies  to  most  of  the  names  that  have  given  America  her 
position  in  connection  with  the  development  of  electrical  science. 
I  refer  to  such  names  as  Henry,  Farmer,  Morse,  Bell,  Edison,  and 
Rlihu  Thomson.  It  is  with  especial  pleasure  that  I  make  this 
presentation,  since  I   have  the  Honour  of  being  a  Member  of  both 
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Mr. 
Parshall. 


The 
President. 


the  American  and  British  Institutions,  and  having  now  resided  so 
many  years  in  this  country,  any  event  that  may  emphasise  and 
strengthen  the  friendship  between  the  two  leading  bodies  of  electrical 
engineers  is  especially  welcome  to  me.  Mr.  President  and  Members 
of  the  Institution  of  Electrical  Engineers,  I  now  respectfully  request  you 
to  accept  this  bust  of  Benjamin  Franklin  as  a  token  of  the  sincere  friend- 
ship and  esteem  of  your  brother  engineers  in  America,  the  President 
and  Members  of  the  American  Institute  of  Electrical  Engineers. 

The  President  :  Mr.  Parshall,  and  other  Members  of  the  American 
Institute  of  Electrical  Engineers  who  are  present, — On  behalf  of  the 
Council  and  the  members  of  our  Institution,  I  wish  to  say  that  we  very 
highly  appreciate  this  beautiful  gift  to  us  from  our  American  friends, 
in  courteous  recognition  of  their  reception  and  entertainment  on  the 
memorable  occasion  when  it  was  our  great  privilege  to  receive  them  as 
the  honoured  guests  of  the  Institution.  I  have  also  to  thank  you, 
Mr.  Parshall,  for  the  appropriate  and  kindly  words  you  have  used  in 
referring  to  our  late  President,  Lord  Kelvin.  I  understand  from  what 
you  have  said  that  both  he  and  Lady  Kelvin  saw  and  greatly  admired 
the  bust  of  Benjamin  Franklin  which  you  have  now  presented  to  the 
Institution,  and  we  deeply  deplore  the  sad  event  which  prevented  the 
acceptance  of  the  bust  by  him  as  our  President  at  the  opening  6f  the 
session.  It  now  remains  for  me  to  accept  with  gratitude,  in  the  name 
of  our  members,  this  representation  of  your  illustrious  countryman, 
that  great  investigator  and  statesman  Benjamin  Franklin.  I  beg  that 
you  will  bear  to  your  President  and  members  in  America  a  message 
from  us  expressive  of  the  warm  feeling  which  we  have  for  them,  and 
tell  them  that  we  shall  ever  entertain  the  liveliest  recollection  of  their 
kindly  reception  of  us  when  we  visited  the  United  States,  at  the  time 
of  the  St.  Louis  Exhibition  in  1904.  We  feel  we  were  only  able  to 
make  but  a  poor  return  to  them  when  they  honoured  us,  two  years  ago, 
by  becoming  our  guests  in  turn  ;  but  we  hope  we  may  be  able  to  receive 
them  again  at  some  future  time,  and  that  there  will  be  many  oppor- 
tunities of  fostering  the  cordial  relationship  and  warm  feeling  which 
exist  between  the  two  Institutions,  making  them  practically  one  as 
regards  scientific  thought  and  attainment.  The  gift  of  to-day  forms 
an  additional  tie  between  our  two  great  kindred  Societies. 

I  have  now  to  propose  that  the  most  cordial  thanks  of  the  Instita- 
tion  of  Electrical  Engineers  be,  and  are  hereby,  expressed  to  the 
American  Institute  of  Electrical  Engineers  for  their  great  kindness 
and  courtesy  in  presenting  to  us,  through  Mr.  H.  F.  Parshall,  their 
Hon.  Secretary  for  Great  Britain,  the  magnificent  bust  of  their  great 
countryman  and  pioneer  investigator  in  electrical  science,  Benjamin 
Franklin.  The  gift  will  ever  be  treasured  and  preserved  in  token  of  the 
cordial  friendship  existing  between  the  sister  Electrical  Engineering 
Societies  of  America  and  Great  Britain. 

The  resolution  was  carried  with  acclamation. 

Dr.  Silvanus  P.  Thompson,  F.RS.,  Past  President,  then  delivered 
his  Kelvin  Lecture  : — 
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THE  KELVIN    LECTURE. 

The  Life  and  Work  of  Lord  Kelvin. 

By  Professor  Silvanus  P.  Thompson,  D.Sc,  F.R.S.,  Past 

President. 

i 

(Delivered  April  30,  1908.) 

Ox  the  17th  of  December,  1907,  aged  eighty-three  years,  died  Williim 
Thomson,  Baron  Kelvin  of  Largs,  President,  for  the  third  time,  of  the 
Institution  of  Electrical  Engineers. 

Adequately  to  set  forth  the  life  and  work  of  a  man  who  »o  early 
won  and  who  for  so  long  maintained  a  foremost  place  in  the  rank»  of 
science  were  a  task  that  is  frankly  impossible.  The  greatness  of  a  man 
d  such  commanding  abilities  and  such  profound  influence  cannot 
rightly  he  gauged  by  his  contemporaries,  however  intimately  they  may 
have  known  him.  We  of  the  present  day  are  so  essentially  productH  of 
our  generation,  and  have  been  brought  up  in  modes  of  thought  ko 
largely  moulded  by  him,  that  we  cannot  adequately  realisio  how  much 
of  that  which  is  familiar  and  commonplace  to  us  is  duo  to  his  genius. 
Whatever  our  appreciation  of  present  scientific  knowledge  in  the 
domain  of  natural  philosophy,  in  which  he  was  for  more  than  half  a 
century  pre-eminent  over  all  others,  we  realise  only  with  difficulty  and 
imperfectly  the  prior  state  of  things,  and  therefore  cannot  clearly  dis- 
cern how  much  of  scientific  progress  is  attributable  directly  to  him. 
But  if  by  the  very  circumstance  that  we  have  lived  so  near  to  hiui  wo 
are  debarred  from  rightly  estimating  his  greatness,  we  at  least  have 
the  advantage  over  posterity  that  we  have  been  able  to  speak  with  him 
lace  to  face,  to  learn  at  first  hand  his  modes  of  thought,  to  sit  at  his 
feet  as  students  or  disciples,  to  marvel  at  his  strokes  of  genius  achieved 
before  our  very  eyes,  to  learn  to  love  him  for  his  single-hearted  enthu- 
siasms, for  his  kindliness  of  soul,  his  unaffected  simplicity  of  Ufe. 

But  if  we  may  not  attempt  the  impossible,  we  may  at  least  essay 
the  task  of  setting  down  in  simple  fashion  some  account  of  those 
things  which  he  achieved  in  the  science  and  the  profession  represented 
by  this  Institution  of  Electrical  Engineers. 

Let  me  first  set  down  in  briefest  outline  a  sketch  of  his  early  life. 

William  Thomson  was  born  on  June  26,  1834,  in  Belfast,  being  the 
secofid  son  and  fourth  child  of  James  and  Margaret  Thomson.    James 
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Thomson,  who  was  at  that  time  Professor  of  Mathematics  in  the  Royal 
Academic  Institute  of  Belfast,  was  the  son  of  a  small  farmer  at  Bally- 
nahinch,  in  County  Down,  where  his  ancestors  had  settled  about  the 
year  164 1  when  they  migrated  from  the  lowlands  of  Scotland.  James 
Thomson  had  early  shown  a  taste  for  mathematical  studies,  and  by 
study  of  books  had  mastered  the  art  of  making  sundials.  He  had  then 
been  sent  to  a  small  school  in  the  district  to  learn  classics  and  mathe- 
matics, rising  while  still  a  youth  to  the  position  of  assistant  teacher. 
During  the  winters  he  followed  the  courses  in  the  University  of  Glas- 
gow, crossing  back  to  Belfast  for  the  summers  to  resume  teaching  at 
school.  After  thus  attending  Glasgow  University  for  five  years  he  was 
appointed  Professor  of  Mathematics  in  1815  at  the  Belfast  Academic 
Institute.  His  eldest  son,  James  (Lord  Kelvin's  elder  brother),  was 
born  in  1822,  and  William  (Lord  Kelvin),  as  already  stated,  in  1824. 
In  1830,  when  William  was  six  years  old,  his  mother  died.  His  father 
would  never  send  his  boys  to  school,  but  taught  them  himself.  In 
1832,  when  William  was  eight  years  old,  Professor  Thomson  was 
offered  the  Chair  of  Mathematics  at  Glasgow,  and  he  with  his  family 
of  six  children  accordingly  removed  from  Belfast.  He  was  in  many 
ways  a  remarkable  man.  He  made  several  original  contributions  to 
mathematics,  and  produced  several  sound  text-books,  including  one 
on  the  Differential  and  Integral  Calculus.  But  his  range  of  accom- 
plishments was  wide.  He  was  an  excellent  classical  scholar,  familiar 
with  both  Latin  and  Greek,  and  able,  on  occasion,  to  give  lectures  in 
the  Classics  to  the  University  students.  After  his  removal  to  Glasgow 
he  still  kept  the  education  of  his  sons  in  his  own  hands,  and  so  it  hap- 
pened that  in  1834  William  Thomson,  when  in  his  eleventh  year, 
matriculated  as  a  student  in  the  University  without  ever  having  been 
at  school.  He  early  made  bis  mark  by  his  progress  in  Mathematics 
and  Physical  Science,  and  in  1840  produced  an  essay  "On  the  Figure 
of  the  Earth,"  which  won  him  the  University  Medal.  He  also  read 
Greek  plays  with  Lushington,  and  Moral  Philosophy.  To  the  end  of 
his  hfe  he  was  in  the  habit  of  bringing  out  quotations  from  the  classic 
authors.  His  fifth  year  as  a  student  at  Glasgow,  1839-40,  was  notable 
for  the  impulse  toward  Physics  which  he  received  from  the  lectures  of 
Professor  J.  P.  Nichol  and  from  those  of  David  Thomson  (a  relation  of 
Faraday),  who  temporarily  took  the  classes  in  Natural  Philosophy 
during  the  illness  of  Professor  Meikleham.  In  this  year  William 
Thomson  had  systematically  studied  the  "  Mecanique  Analytique  "  of 
Lagrange  and  the  ''  Mecanique  Celeste  "  of  Laplace,  both  mathematical 
works  of  a  high  order,  and  had  made  the  acquaintance — ^a  notable 
event  in  his  career — of  that  remarkable  book,  Fourier's  **  Theorie  de  la 
Chaleur."  On  May  ist  he  borrowed  it  from  the  College  Library.  In  a 
fortnight  he  had  read  it  completely  through.  The  effect  of  reading 
Fourier  dominated  his  whole  career  thenceforward.  He  took  the  book 
with  him  for  further  study  during  a  three  months*  visit  to  Germany. 
During  his  last  year  (1840-41)  at  Glasgow  he  communicated  to  the 
short-lived    Cambridge    Mathematical  Journal,    under   the    signature 
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•*  P.  Q,  R^"  an  original  paper,  "  On  Fourier's  Expansions  of  Functions 
in  Trigonometrical  Series,"  which  was  a  defence  of  Fourier's  deduc- 
tioQS  against  some  strictures  of  Professor  Kelland.  He  left  Glasgow 
University  after  six  years  of  study,  without  even  taking  his  degree,  and 
on  April  6,  1841,  entered  as  a  student  at  St.  Peter's  College,  Cambridge. 
Here  be  speedily  made  his  mark,  and  continued  to  contribute — at  first 
anonymously — to  the  Cambridge  and  Dublin  Maihcmaiical  Journal, 
papers  inspired  by  his  study  of  the  higher  mathematics  and  by  his  love 
for  physics.  The  analogy  between  the  movement  of  heat  in  conduc- 
tors  along  lines  of  flow  and  across  suriaces  of  equal  temperature,  and 
the  distribution  of  electricity  on  conductors  in  such  a  way  that  the 
lines  of  electric  force  were  crossed  orthogonally  by  surfaces  of  equi- 
potential,  led  to  his  paper  entitled  "The  Uniform  Motion  of  Heat  in 
Homogeneous  Solid  Bodies,  and  its  Connexion  with  the  Mathematical 
Theory  of  Electricity."  Here  was  an  undergraduate  of  seventeen 
handling  methods  of  difficult  integration  readily  and  with  mastery,  at 
an  age  when  most  mathematical  students  are  being  assiduously  drilled 
in  so-called  geometrical  conies  and  other  dull  and  foolish  devices  for 
caldilus-dodging.  It  is  true  he  followed  the  courses  of  coaching  pre* 
iicribed  by  his  tutor  Hopkins,  but  he  could  not  be  kept  to  the  routine 
of  book-work,  and  he  never  quite  forgave  Hopkins  for  keeping  from 
him  until  the  last  day  of  his  residence  at  Cambridge,  Green's  rare  and 
remarkable  "  Essay  on  the  Application  of  Mathematical  Analysis  to  the 
Theories  of  Electricity  and  Magnetism."  He  also  formed  a  close 
friendship  with  Stokes,  then  a  young  tutor,  with  whom,  until  his  death 
in  1902,  he  maintained  a  continual  interchange  of  ideas  and  suggestions 
in  mathematical  physics.  Of  Thomson's  Cambridge  career  so  much 
has  been  written  of  late  that  it  may  be  very  briefly  touched  here.  How 
he  went  up  for  his  Tripos  in  1845 ;  how  he  came  out  Second  Wrangler 
only,  being  beaten  by  the  rapid  Parkinson  ;  how  he  beat  Parkinson  in 
the  Smith's  Prize  competition ;  how  he  rowed  for  his  College  to  save 
Petcrhouse  from  being  bumped  by  Caius ;  how  he  rowed  for  Cambridge 
in  the  University  race  of  1844;  how  he  won  the  Colquohoun  silver 
scuUs;  how  he  helped  to  found  the  Cambridge  University  Musical 
Society,  and  played  the  French  horn  in  the  little  orchestra,  which  at 
its  first  concert  on  December  8, 1843,  performed  Haydn's  First  Symphony, 
the  Overture  to  Masaniello,  the  Overture  to  Semiramide,  the  Royal 
insk  Quadrilles,  and  the  Elizabethcn  Waltzes  of  Strauss  I  But  these 
things,  are  they  not  written  in  the  book  of  the  Cambridge  Chronicle  f 

Once  when  Lord  Kelvin  was  in  a  chatty  mood  I  asked  him  point- 
blank  how  it  occurred  that  he  was  not  Senior  Wrangler.  His  blue  eyes 
lighted  up  as  he  proceeded  to  explain  that  Parkinson  had  won  princi- 
pally on  the  exercises  of  the  first  two  days,  which  were  devoted  to  text* 
book  work  rather  than  to  problems  requiring  analytical  investigation. 
And  then  be  added,  almost  ruefully, "  1  might  have  made  up  on  the 
last  two  days  but  for  my  bad  generalship.  One  paper  was  really  a 
paper  that  I  ou^t  to  have  walked  through,  but  I  did  very  badly  by  my 
bad  generalship,  and  must  have  got  hardly  any  marks.    1  spent  nearly 
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all  the  time  on  one  particular  problem  that  interested  me,  about  a 
spinning  top  being  let  fall  on  to  a  rigid  plane  ;  a  very  simple  problem 
if  I  had  tackled  it  in  the  right  way,  but  I  got  involved  and  lost  time  on 
it  and  wrote  something  that  was  not  good,  and  there  was  no  time  left 
for  the  other  questions.  I  could  have  walked  over  the  paper.  A  very 
good  man  Parkinson — I  didn't  know  him  personally  at  the  time — who 
had  devoted  himself  to  learning  how  to  answer  well  in  examinations, 
while  I  had  had,  during  previous  months,  my  head  in  some  other  sub- 
jects not  much  examined  upon — theory  of  heat,  flow  of  heat  between 
isothermal  surfaces,  dependence  of  flow  on  previous  state,  and  all  the 
things  I  was  learning  from  Fourier."  And  then  he  drifted  o£F  into  a 
talk  of  his  early  papers,  and  to  the  mathematical  inference  (as  the 
result  of  assigning  negative  values  to  the  time  /)  that  there  must  have 
been  a  creation.  "  It  was,"  he  continued,  **  this  argument  from 
Fourier  that  made  me  think  that  there  must  have  been  a  beginning. 
All  mathematical  continuity  points  to  a  beginning — this  is  why  1  stick 
to  atoms  .  .  .  and  they  must  have  been  small— smallness  is  a  necessity 
of  the  complexity.  They  may  have  all  been  created  as  they  were, 
complexity  and  all,  as  they  are  now.  But  we  know  they  have  a  past. 
Trace  back  the  past  and  one  comes  to  a  beginning — to  a  time  zero 
beyond  which  the  values  are  impossible.    It's  all  in  Fourier." 

On  leaving  Cambridge,  with  a  College  Fellowship  of  ;£200  a  year 
to  maintain  him,  Thomson  went  to  Paris  and  worked  in  the  laboratory 
of  Regnault  at  the  College  de  France.  He  was  here  four  months. 
There  was  no  arrangement  for  systematic  instruction,  and  Thomson's 
principal  occupation  was  to  work  the  air-pump  to  make  a  vacuum  in 
one  of  two  large  glass  globes  which  Regnault  was  weighing  against 
one  another  in  some  determinations  of  the  densities  of  gases.  He 
made  here  the  acquaintance  of  Biot  and  of  Sturm  and  Foucault,  of 
whom  he  spoke  in  terms  of  admiration. 

Thomson  was  now  twenty-one  years  old,  but  had  already  established 
for  himself  a  growing  reputation  for  his  mastery  of  mathematical 
physics.  He  had  published  about  a  dozen  original  papers,  and  had 
gained  experience  in  tliree  Universities.  In  1846  the  Chair  of  Natural 
Philosophy  at  Glasgow  became  vacant  by  the  death  of  Professor 
Meikleham,  and  Thomson,  at  the  age  of  twenty-two,  was  chosen  to  fill 
it.  His  father.  Professor  James  Thomson — he  died  in  1849— still  held 
the  Chair  of  Mathematics,  Professor  Thomas  Thomson  held  that  of 
Chemistry,  while  Professor  Allen  Thomson  occupied  the  Chair  of 
Anatomy.  William  Thomson  was  the  youngest  of  the  five  Professor 
Thomsons  then  holding  office  in  Glasgow.  He  chose  for  the  subject  of 
his  inaugural  lecture :  **0n  the  Distribution  of  Heat  through  the  Earth." 

This  Professorship  he  continued  to  hold  till  he  resigned  it  in  1899 
after  continuous  service  of  fifty-three  years.  Of  his  work  as  a  Uni- 
versity teacher  this  is  hardly  the  occasion  to  say  much  :  it  will  be  fully 
described  by  his  pupil  and  successor,  Professor  Andrew  Gray.  The 
old  college  buildings  where  he  lectured  and  worked  for  twenty-four 
years  were  ill-adapted  for  any  laboratory  facihties,  yet  he  contrived  to 
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organise  a  physics  laboratory — the  first  of  its  kind  in  Great  Britain — in 
some  disused  rooms  in  a  dark  corner  of  one  of  the  quadrangles,  and 
enlisted  the  voluntary  service  of  a  number  of  keen  students  in  his  early 
experimental  researches  on  the  electrod3mamic  and  thermoelectric 
properties  of  matter.  In  the  lecture  theatre  his  manifest  enthusiasms 
won  for  him  the  love  and  respect  of  all  students,  even  those  who  were 
hopelessly  unable  to  follow  his  frequent  flights  into  the  more  abstruse 
realms  of  mathematical  phjrsics. 

Over  the  earnest  students  of  natural  philosophy  he  exercised  an 
influence  little  short  of  inspiration,  an  influence  which  extended 
gradually  far  t>eyond  the  bounds  of  his  own  University. 

The  next  few  years  were  times  of  strenuous  work,  fruitful  in  results. 
By  the  end  of  1850,  when  he  was  twenty-six  years  of  age,  he  had 
published  no  fewer  than  fifty  original  papers,  mostly  highly  mathe- 
matical in  character,  and  several  of  them  in  French.  Amongst  these  re« 
searches  there  is  a  remarkable  group  which  originated  in  his  attendance 
in  1847  at  the  meeting  of  the  British  Association.  He  had  prepared 
for  reading  at  that  meeting  a  paper  on  the  exceedingly  elegant  process 
discovered  by  himself  of  treating  certain  problems  of  electrostatics  by 
the  method  of  electric  images,  a  method  even  now  not  sufficiently  well 
appreciated.  But  a  more  important  event  was  the  commencement  of 
his  friendship  with  Joule,  whom  he  met  here  for  the  first  time.  Joule, 
a  Manchester  brewer,  and  Honorary  Secretary  of  the  Manchester 
Literary  and  Philosophical  Society,  had  for  several  years  been  pursuing 
his  researches  on  the  relations  between  heat,  electricity,  and  mechanical 
work.  Incited  at  first  by  Sturgeon  into  investigations  on  the  electro* 
magnet,  and  on  the  performance  of  electromagnetic  engines — that  is 
electric  motors.  Joule  had  already,  in  1840,  communicated  to  the  Royal 
Society  a  paper  on  the  "  Production  of  Heat  by  Voltaic  Electricity." 
He  had  also  read  papers  at  the  British  Association's  meetings  "  On  the 
Electric  Origin  of  Chemical  Heat/'  at  Manchester,  in  1842  ;  "On  the 
Calorific  Effects  of  Magneto-electricity,"  and  "  On  the  Mechanical 
Value  of  Heat."  at  Cork,  in  1843  ;  "  On  Specific  Heat."  at  York,  in  1844  ; 
and  "  On  the  Mechanical  Equivalent  of  Heat,"  at  Cambridge,  in  1845. 
But  at  that  date,  when  there  was  as  yet  no  doctrine  of  Convrrvation  of 
Energy,  when  scientific  men  were  not  accustomed  to  distinguish 
either  in  language  or  in  fact  between  force  and  work,  when  "  caloric  " 
was  classed  with  Light  and  Sound  among!(t  the  "imponderables," 
Joule's  work  was  listened  to  with  impatience,  and  his  teachings  fell 
upon  deaf  ears.  Was  he  not  an  amateur,  dabbling  in  science,  and 
carried  away  with  strange  notions  ?  For  the  Oxford  meeting,  too,  Joule 
had  prepared  a  paper.  Its  title  was,  "  On  the  Mechanical  Equivalent 
oi  Heat,  as  Determined  from  the  Heat  Evolved  by  the  Agitation  of 
Liquids."  It  was  relegated  to  an  unimportant  place,  and  would  have 
received  as  little  notice  as  its  predecessors  but  for  Thomson's  interven- 
tion. Joule  himself,  in  1885,  penned  the  following  account  '  of  the 
incident : — 

•  J,  p.  Joule,  '* Scientific  Papery**  v<»I.  iK,  p  Ji^. 
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"  It  was  in  the  year  1843  that  I  read  a  paper  'On  the  Calorific  Efifects 
of  Magneto- Electricity  and  the  Mechanical  Value  of  Heat'  to  the 
chemical  section  of  the  British  Association  assembled  at  Cork.  With 
the  exception  of  some  eminent  men,  among  whom  I  recollect  with 
pride  Dr.  Apjohn  (the  President  of  the  Section),  the  Earl  of  Rosse, 
Mr.  Eaton  Hodgkinson,  and  others,  the  subject  did  not  excite  much 
general  attention ;  so  that  when  I  brought  it  forward  again  at  the 
[Oxford]  meeting  in  1847  the  chairman  suggested  that  as  the  business  of 
the  section  pressed,  I  should  not  read  my  paper,  but  confine  myself  to  a 
short  verbal  description  of  my  experiments.  This  I  endeavoured  to  do, 
and  discussion  not  being  invited,  the  communication  would  have 
passed  without  comment  if  a  young  man  had  not  risen  in  the  section, 
and  by  his  intelligent  observations  created  a  lively  interest  in  the  new 
theory.  The  young  man  was  William  Thomson,  who  had  two  years 
previously  passed  the  University  of  Cambridge  with  the  highest 
honour,  and  is  now  probably  the  foremost  scientific  authority  of  the 
age.  My  work  with  Thomson  was  chiefly  experimental,  performed  in 
Manchester  and  the  neighbourhood.  We  pursued  the  discussion  of 
the  thermal  effects  of  fluids  in  motion  until  the  experiments  were 
interrupted  by  the  action  of  the  owners  of  the  adjacent  property,  who, 
on  the  strength  of  an  obsolete  clause  in  the  deeds  of  conveyance, 
threatened  legal  proceedings,  the  cost  of  which  I  did  not  feel  disposed 
to  incur." 

Thomson,  in  fact,  though  he  at  first  had  some  difiiculty  in  grasping 
the  significance  of  the  matter,  threw  himself  heart  and  soul  into  the 
new  and  strange  doctrines  that  heat  and  work  were  mutually  con- 
vertible, and  for  the  next  six  or  eight  years,  partly  in  co-operation  with 
Joule,  partly  independently,  he  set  his  unique  powers  of  mind  to 
unravel  those  mutual  relations. 

Thomson's  mind  was  essentially  metrical.  He  was  never  satisfied 
with  any  phenomenon  until  it  should  have  been  brought  into  the  stage 
where  numerical  accuracy  could  be  determined.  He  must  measure,  he 
must  weigh,  in  order  that  he  might  go  on  to  calculate. 

"  I  often  say,"  *  he  once  remarked,  "  that  when  you  can  measure 
what  you  are  speaking  about,  and  express  it  in  numbers,  you  know 
something  about  it ;  but  when  you  cannot  measure  it,  when  you  cannot 
express  it  in  numbers,  your  knowledge  is  of  a  meagre  and  imsatis- 
factory  kind ;  it  may  be  the  beginning  of  knowledge,  but  you  have 
scarcely,  in  your  thoughts,  advanced  to  the  stage  of  science,  whatever 
the  matter  may  be.  .  .  .  The  first  step  toward  numerical  reckoning 
of  properties  of  matter,  more  advanced  than  the  mere  reference  to  a 
set  of  numbered  standards,  as  in  the  mineralogist's  scale  of  hardness, 
or  to  an  arbitrary  trade  standard,  as  in  the  Birmingham  wire-gauge,  is 
the  discovery  of  a  continuously  varying  action  of  some  kind,  and  the 
means  of  observing  it  definitely,  and  measuring  it  in  terms  of  some 

•  Lecture  on  "Electrical  Units  of  Measurement,"  at  Institution  of  Civil  Engi- 
neers, May  3,  1883.  Reprinted  in  "  Popular  Lectures  and  Addresses,"  vol  i., 
p.  73- 
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arbitrary  unit  or  scale  division.  But  more  is  necessary  to  complete 
the  science  of  measurement  in  any  department,  and  that  is  the  6xing 
on  something  absolutely  deBnite  as  the  unit  of  reckoning."  It  was  in 
this  spirit  that  Thomson  approached  the  subject  of  the  transformation 
of  heat.  Joule  had  laid  down  on  certain  lines  the  equivalence  of  heat 
and  work,  and  had  even  measured  the  numerical  value  of  the  equiva- 
lent. But  before  him,  in  1824,  Carnot,  though  he  proceeded  on  the 
fallacious  assumption  of  the  material  nature  of  caloric,  had  in  his  remark- 
able book,  "  Reflexions  sur  la  Puissance  Motrice  du  Feu,"  discussed 
the  proportion  in  which  heat  is  convertible  into  work,  and  had  intro- 
duced the  very  valuable  notion  of  submitting  a  body  to  a  reversible 
cycle  of  operations  such  that  after  having  experienced  a  certain  number 
of  transformations  it  is  brought  back  identically  to  its  primitive 
physical  state  as  to  density,  temperature,  and  molecular  constitution. 
He  argued,  correctly,  that  on  the  conclusion  of  the  cycle  it  must 
contain  the  same  quantity  of  heat  as  that  which  it  initially  possessed. 
But  he  argued,  quite  incorrectly,  that  the  total  quantity  of  heat  lost  by 
the  body  during  one  set  of  operations  must  be  precisely  compensated 
by  its  receiving  back  an  equal  quantity  of  heat  in  the  other  set  of 
operations.  We  can  see  now  that  this  is  false  ;  for  if  it  were  true  none 
of  the  heat  concerned  in  the  cycle  would  be  transformed  into  work. 
Those  who  were  investigating  the  subject  at  this  time,  amongst  them 
Clapeyron,  Clausius,  and  Rankine,  perceived  this,  and  noted  that  since 
the  steam  received  into  the  cylinder  must  t>e  hotter  than  that  expelled 
from  it,  the  degree  to  which  the  transformation  is  successful  must 
depend  on  the  respective  temperatures  ;  a  fact  moreover  recognised 
by  all  engineers  since  the  date  when  Watt  discovered  the  advantage  of 
coohng  the  exhaust  steam  by  a  condenser.  Carnot,  indeed,  proved 
that  the  ratio  of  the  work  done  by  a  perfect  (that  is  a  reversible) 
engine  to  the  heat  received  from  the  source  depends  on  the  tempera- 
tures of  source  and  condenser  only  ;  and  when  these  temperatures  arc 
nearly  equal  the  efficiency  is  expressible  by  the  product  of  their 
difference  into  a  certain  function  of  either  of  them,  called  "  Carnot's 
function.'*  Rinkine  went  further  in  pointing  out  that  this  function 
was  greater  as  the  temperature  in  question  was  lower.  But  here 
Thomson's  exact  mind  seized  upon  the  missing  essential.  Tempera- 
tures had  hitherto  been  measured  by  arbitrary  scales  based  on  the 
expansion  of  quicksilver,  or  of  air  or  other  gas ;  and  the  quicksilver 
thermometer  scale  did  not  agree  precisely  with  that  of  the  air 
thermometer.  He  was  not  satisfied  with  arbitrary  scales.  He  had 
this  in  hand  even  l>efore  his  first  meeting  with  Joule,  and  in  June,  1848, 
commmucated  to  the  Cambridge  Philosopbiod  Society  a  paper  "  On 
an  Absolute  Thermometric  Scale  founded  on  Carnot's  Theory  of  the 
Motive  Power  of  Heat,  and  Calculated  from  Regnault's  Observations.'* 
In  this  paper  he  set  himself  to  answer  the  question  :  Is  there  any 
principle  on  which  an  absolute  thermometric  scale  can  be  founded  ? 
He  arrived  at  the  answer  that  such  a  scale  is  obtained  in  terms  of 
Carnot's  theory,  each  degree  being  determined  by  the  performance  of 
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equal  quantities  of  work  in  letting  one  unit  of  heat  be  transformed 
in  being  let  down  through  that  difference  of  temperature.  This 
indicates  as  the  absolute  zero  of  temperature  the  point  which  would  be 
marked  as  —273**  on  the  air- thermometer  scale.  In  1849  ^®  elaborated 
this  matter  in  a  further  paper  on  "  Carnot's  Theory,"  and  tabulated  the 
values  of  "Carnot's  function"  from  i°C  to  231° C.  Joule,  writing  to 
Thomson  in  December,  1848,  suggested  that  probably  the  values  of 
"  Carnot's  function  "  would  turn  out  to  be  the  reciprocal  of  the  absolute 
temperatures  as  measured  on  a  perfect  gas  thermometer,  a  conclusion 
independently  enunciated  by  Clausius  in  February,  1850.  Inde- 
pendently of  Joule,  Mayer  and  Helmholtz  had  been  considering  the 
same  problems  from  a  more  general  standpoint.  Helmholtz' s  famous 
publication  of  1847,  "  Die  Erhaltungder  Kraft " — "  On  the  Conservation 
of  Force  "  (meaning  what  we  now  term  Energy) — was  chiefly  concerned 
with  the  proposition,  based  on  the  denial  of  the  possibility  of  perpetual 
motion,  that  in  all  the  transformations  of  energy  the  sum  total  of  the 
energies  in  the  universe  remains  constant. 

Thomson  continued  to  work  at  the  subject.  He  experimented  on 
the  heat  developed  by  compression  of  air.  He  verified  the  singular 
prcdiction  of  his  brother,  Professor  James  Thomson,  of  the  lowering 
by  pressure  of  the  melting-point  of  ice.  He  gave  a  thermodynamic 
explanation  of  the  non-scalding  property  of  steam  issuing  from  a 
high-pressure  boiler.  He  formulated,  in  the  years  1851  to  1854,  with 
scientific  precision,  in  a  long  communication  to  the  Royal  Society  of 
Edinburgh,  the  two  great  laws  of  thermodynamics — (i)  the  law  of 
equivalence  discovered  by  Joule,  and  (2)  the  law  of  transformation, 
which  he  generously  attributed  to  Car  not  and  Clausius.  Clausius, 
indeed,  had  done  little  more  than  put  into  mathematical  language 
the  equation  of  the  Carnot  cycle,  corrected  by  the  arbitrary  substitu- 
tion of  the  reciprocal  of  the  absolute  temperature ;  but  Thomson 
never  was  grudging  of  the  fame  of  independent  discoverers.  "  Ques- 
tions of  personal  priority,"  he  wrote,  "  however  interesting  they  may 
be  to  the  persons  concerned,  sink  into  insignificance  in  the  prospect 
of  any  gain  of  deeper  insight  into  the  secrets  of  nature."  *  He  gave  a 
demonstration  of  the  second  law,  founding  it  upon  the  axiom  that  it  is 
impossible,  by  means  of  inanimate  material  agency,  to  derive  mechanical 
effect  from  any  portion  of  matter  by  cooling  it  below  the  temperature  of  the 
coldest  of  the  surrounding  objects.  Further,  by  a  most  ingenious  use  of 
the  integrating  factor  to  solve  the  differential  equation  for  the  quantity 
of  heat  needed  to  alter  the  volume  and  temperature  of  unit  mass  of  the 
working  substance,  he  gave  precise  mathematical  proof  of  the  theorem 
that  the  efficiency  of  the  perfect  engine  working  between  given  tem- 
peratures is  inversely  proportional  to  the  absolute  temperature.  In 
collaboration  with  Joule,  he  worked  at  the  "  Thermal  Effects  of  Fluids 
in  Motion,"  the  results  appearing  between  the  years  1852  and  1862  in 
a  series  of  four  papers  in  the  Philosophical  Transactions,  and  four  others 
in  the  Proceedings  of  the  Royal  Society.  Thus  were  the  foundations  of 
*  Presidential  .Address,  B.A.,  1871,  and  "  Popular  Lectures,"  vol.  ii.,  p.  166. 
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thermodynamics  laid.  This  brilliant  development  and  generalisation  of 
the  subject  (which  had  grown  with  startling  rapidity  from  the  moment 
when  Helmholtz  denied  perpetual  motion  and  Thomson  grasped  the 
conception  of  the  absolute  zero)  did  not  content  Thomson.  He  must 
follow  its  applications  to  human  needs  and  to  the  cosmic  consequences 
it  involved.  And  so  he  not  only  suggested  the  process  of  refrigeration 
by  the  sudden  expansion  of  compressed  cooled  air,  but  propounded 
the  doctrine  of  the  dissipation  of  energy.  If  the  availability  of  the 
energy  in  a  hot  body  t>e  proportional  to  its  absolute  temperature,  it 
follows  that  as  the  earth  and  the  sun — nay,  the  whole  solar  system  itself — 
coo!  down  toward  one  uniform  level  of  temperature,  all  life  must 
perish  and  all  energy  become  unavailable.  This  far-reaching  con- 
clusion *  once  more  suggested  the  question  of  a  beginning,  a  question 
which,  as  already  remarked,  had  arisen  in  the  consideration  of  the 
Fourier  doctrine  of  the  flow  of  heat. 

In  1852,  at  the  age  of  twenty-eight,  William  Thomson  married 
Margaret  Crum,  and  resigned  his  Cambridge  Fellowship.  The 
happiness  of  his  life  was,  however,  shadowed  by  his  wife's  pre- 
carious health,  necessitating  residence  abroad  at  various  times.  In 
the  summer  of  1855  they  stayed  at  Kreutznach,  from  which  place 
Thomson  wrote  to  Helmholtz  inviting  him  to  come  to  England  in 
September  to  attend  the  British  Association  meeting  at  Glasgow.  He 
assured  Helmholtz  that  his  presence  would  be  one  of  the  most 
interesting  events  of  the  gathering,  so  that  he  hoped  to  see  him  on 
this  ground,  but  also  looked  forward  with  the  greatest  pleasure  to  the 
opportunity  of  making  his  acquaintance,  as  he  had  desired  this  ever 
since  the  "  Conservation  of  Energy  "  had  come  into  his  hands.  Accord- 
ingly, on  July  29th,  Helmholtz  left  Konigsbcrg  for  Kreutznach  to  make 
the  acquaintance  of  Thomson  before  his  journey  to  England.  On 
August  6th  he  wrote  to  Frau  Helmholtz  that  Thomson  had  made 
a  deep  impression  on  him. 

"  I  expected  to  find  the  man,  who  is  one  of  the  first  mathematical 
physicists  of  Europe,  somewhat  older  than  myself,  and  was  not  a  little 
au»tonished  when  a  very  juvenile  and  exceedingly  fair  youth,  who 
looked  quite  girUsh,  came  forward.  He  had  taken  a  room  for  me 
close  by,  and  made  me  fetch  my  things  from  the  hotel  and  put  up 
there.  He  is  at  Kreutznach  for  his  wife's  health.  She  appeared  for 
a  short  time  in  the  evening,  and  is  a  charming  and  intellectual  lady, 
but  is  in  very  bad  health.  He  far  exceeds  all  the  great  men  of  science 
with  whom  I  have  made  personal  acquaintance,  in  intelligence,  and 
lucidity,  and  mobility  of  thought,  so  that  I  felt  quite  wooden  beside 
him  sometimes."    A  year  later  Helmholtz  again  met  the  Thomsons  at 

•  •'There  is  at  present  in  the  materiAl  world  a  universal  tciulcntv  to  the 
di*%ipEation  of  mechanical  energy.  Within  a  hiutc  period  o!  time  pa^i  the  c.irih 
must  have  been  and  within  a  hriitc  pcriiKl  of  time  to  come  the  e.irtii  niu^t  ai^.tin  tn- 
unfat  fin'  the  habitation  of  man  a^  at  prcncnt  (.'«>n>titutt-d,  unlrxH  o(H'i.itinn<i  li.i\c  (ict-n. 
«ir  are  to  be  performetl,  which  are  imptnwihie  under  the  laws  to  whuh  tlu-  kn<»\vfi 
<iperalion<»  going  on  at  prcnent  in  the  nuterial  world  arc  htibjevt.**  — "  M.itlienuticol 
and  Ph)-»Acal  P.ipcrs,"  vol,  i.,  p.  514. 
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Schwalbach.  Writing  to  his  father,  he  described  Thomson  as  "  cer- 
tainly one  of  the  first  mathematical  physicists  of  the  day,  with  powers 
of  rapid  invention  such  as  I  have  seen  in  no  other  man."  In  i860,  after 
the  death  of  Mrs.  Helmholtz,  the  great  German  philosopher  again 
visited  Britain,  staying  with  the  Thomsons  for  some  weeks  in  the 
island  of  Arran.  In  1863  Helmholtz,  who  in  the  meantime  had 
married  again,  came  to  England  and  visited  the  chief  Universities, 
and  in  writing  to  his  wife  gives  an  amusing  picture  of  bis  doings. 

"  My  journey  to  Glasgow  went  off  very  well.  The  Thomsons  have 
lately  moved  to  live  in  the  University  Buildings  [the  old  college]; 
formerly  they  spent  more  time  in  the  country.  He  takes  no  holiday 
at  Easter,  but  his  brother  James,  Professor  of  Engineering  at  Belfast, 
and  a  nephew  who  is  a  student  there,  were  with  him.  The  former  is 
a  level-headed  fellow,  full  of  good  ideas,  but  cares  for  nothing  except 
engineering,  and  talks  about  it  ceaselessly  all  day  and  all  night,  so  that 
nothing  else  can  be  got  in  when  he  is  present.  It  is  really  comic  to 
see  how  the  two  brothers  talk  at  one  another,  and  neither  listens,  and 
each  holds  forth  about  quite  different  matters.  But  the  engineer  is  the 
most  stubborn,  and  generally  gets  through  with  his  subject.  In  the 
intervals  I  have  seen  a  quantity  of  new  and  most  ingenious  apparatus 
and  experiments  of  W.  Thomson,  which  made  the  two  days  very 
interesting.  He  thinks  so  rapidly,  however,  that  one  has  to  get  at 
the  necessary  information  about  the  make  of  the  instruments,  etc.,  by 
a  long  string  of  questions,  which  he  shies  at.  How  his  students  under- 
stand him,  without  keeping  him  as  strictly  to  the  subject  as  I  ventured 
to  do,  is  a  puzzle  to  me ;  still,  there  were  numbers  of  students  in  the 
laboratory  hard  at  work,  and  apparently  quite  understanding  what 
they  were  about.  Thomson's  experiments,  however,  did  for  my 
new  hat.  He  had  thrown  a  heavy  metal  disc  into  very  rapid 
rotation,  and  it  was  revolving  on  a  point.  In  order  to  show  me 
how  rigid  it  became  on  rotation,  he  hit  it  with  an  iron  hammer, 
but  the  disk  resented  this,  and  it  flew  off  in  one  direction,  and  the 
iron  foot  on  which  it  was  revolving  in  another,  carrying  my  hat  away 
with  it  and  ripping  it  up." 

But  we  are  anticipating.  Hitherto  Thomson's  work  had  been 
mainly  in  pure  science ;  but  toward  the  end  of  the  fifties,  while  still 
in  the  midst  of  thermodynamic  studies,  events  were  progressing  which 
drew  him  with  irresistible  force  toward  the  practical  applications  that 
made  him  famous.  Indeed,  it  could  hardly  be  otherwise,  seeing  that 
he  was  master  in  whatever  he  touched.  Early  in  1853  he  had  com- 
municated to  the  Glasgow  Philosophical  Society  a  paper  "  On  Transient 
Electric  Currents,"  -  in  which  he  investigated  mathematically  the  dis- 
charge of  a  Leyden  jar  through  circuits  possessing  self-induction 
as  well  as  resistance.  Faraday  and  Riess  had  observed  that  in 
certain  cases  the  gases  produced  by  the  discharge  of  sparks  through 

•  Glasgow  Philos.  Soc.  Proc,  Jan.,  1853  ;  Philos.  Magaz.,  June,  1853  ;  and  "  Mathe- 
matical and  Physical  Papers,"  vol.  i.,  p.  534. 
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water  consisted  of  mixed  oxygen  and  hydrogen,  and  Hclmholtz  had 
coDJcctnred  that  in  snch  cases  the  spark  was  oscillatory.  Thomson 
determined  to  test  mathematically  what  was  the  motion  of  elec* 
trictty  at  any  instant  after  making  contact  in  a  circuit  under  given 
cooditions.  He  founded  his  solution  on  the  equation  of  energy, 
tngentoosly  building  up  the  differential  equation  and  then  finding 
the  integral.  The  result  was  very  remarkable.  He  discovered  that 
a  critical  relation  occurred  if  the  capacity  in  the  circuit  was  equal  to 
foor  times  the  coefficient  of  self-induction  divided  by  the  square  of 
the  resistance.  If  the  capacity  was  less  than  this  the  discharge  was 
oscillatory,  passing  through  a  series  of  alternate  maxima  and  minima 
before  dying  out.  If  the  capacity  was  greater  than  this  the  discharge 
was  non -oscillatory,  the  charge  dying  out  without  reversing.  This 
beaatiful  bit  of  mathematical  analysis,  which  passed  almost  unnoticed 
at  the  time,  laid  the  foundation  of  the  theory  of  electric  oscillations 
subsequently  studied  By  Oberbeck,  Schiller,  Hertz,  and  Lodge,  and 
forms  the  basis  of  wireless  telegraphy.  Fedderssen  in  1859  succeeded 
in  photographing  these  oscillatory  sparks,  and  sent  photographs  to 
Tbomson,  who  with  great  delight  gave  an  account  of  them  to  the 
Glasgow  Philosophical  Society. 

At  the  Edinburgh  Meeting  of  the  British  Association  in  1854 
Thomson  read  a  paper  "On  Mechanical  Antecedents  of  Motion,  Heat, 
and  Light."  Starting  with  some  now  familiar,  but  then  novel,  generalities 
aboot  energy,  potential  and  kinetic,  and  about  the  idea  of  stores  of 
aurgy,  the  author  touched  on  the  source  of  the  sun's  heat  and  the 
energy  of  the  solar  system,  and  then  reverted  to  his  favourite  argument 
from  Fourier  according  to  which,  if  traced  backwards,  there  must 
have  been  a  l>eginning  to  which  there  was  no  antecedent.  This  was 
a  non-mathematical  exposition  of  work  which,  as  his  note-books 
show,  had  been  going  on  from  1850  in  a  very  stiff  mathematical  form 
in  which  Fourier's  equations  for  the  flow  of  heat  in  solids  were 
applied  to  a  numl>er  of  outlying  problems  involving  kindred  mathematics, 
including  the  diffusion  of  fluids  and  the  diffusion  or  transmission  of 
electric  signals  through  long  cables.  The  Proceedings  of  the  Royal 
SocUiy  for  1854  contain  the  investigation  of  cables  under  the  title, 
"  On  the  Theory  of  the  Electric  Telegraph."  Faraday  had  predicted 
that  there  would  be  retardation  of  signals  in  cables  owing  to  the  coat- 
ing of  gutta-percha  acting  like  the  glass  of  a  Leyden  jar.  Forming  the 
required  differential  equation,  and  applying  Fourier's  integration  of  it, 
Ttiomson  drew  the  conclusion  that  the  time  required  for  the  current 
at  the  distant  end  to  reach  a  stated  fraction  of  its  steady  value  would  t>e 
proportional  both  to  the  resistance  and  to  the  capacity ;  and  as  both 
of  these  are  proportional  to  the  length  of  the  cable,  the  retardation 
would  be  proportional  to  the  square  of  the  length.  This  is  the  famous 
bw  of  squares  alx>ut  which  so  much  dispute  arose.  This  was  followed 
by  a  further  research,  *'On  Peristaltic  Induction  of  Electric  Currents," 
amimunicated  to  the  British  Association  in  1855,  and  aftervrard  in 
more  complete  mathematical  form  to  the  Koyul  Society. 
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Submarine  telegraphy  was  "in  the  air."    John  and  Jacob  Brett  had 
pioneered  the  project  for  a  Dover-Calais  cable  ;  and  in  1851  Crampton 
successfully  united  England  and  France.     In   1853   Holyhead  and 
Howth  were  connected  by  Mr.  (later  Sir)  Charles  Bright.    And  these 
were  followed   by  the    Dover-Ostend   and   longer  cables.    Atlantic 
telegraphy  became  the  dream  of  the  telegraph  engineer.    Cyrus  W. 
Field,  in  1856,  negotiated  a  cable  across  the  Gulf  of  St.  Laurence,  thus 
connecting  Newfoundland  to  the  American  continent.    The  Atlantic 
Telegraph  Company  was  formed,  with  capital  mostly  subscribed  in 
England,  to  promote  the  great  enterprise  to  join  Ireland  to  Newfound- 
land.  Field,  Brett,  Bright,  Statham,  and  Wild  man  Whitehouse  were  the 
chief  promoters.    Bright  was  engineer,  Whitehouse  (a  retired  medical 
man)  electrician.    In  a  pamphlet  issued  by  the  Company,  in  July,  1857, 
narrating  the  preliminary  proceedings,   the  names  of  John  Pender, 
of  Manchester,  and  Professor  Thomson,  of  "  2,  The  College,  Glasgow," 
are  included  in  the  list  of  the  directors ;  and  the  statement  is  made 
that    "the    scientific  world  is    particularly    indebted    to    Professor 
W.   Thomson,  of   Glasgow,  for  the   attention   he   has  given  to  the 
theoretical  investigation    of    the    conditions  under  which    electrical 
currents  move  in  long  insulated  wires,  and  Mr.  Whitehouse  has  had 
the  advantage  of  this  gentleman's  presence  at  his  experiments,  and 
counsel,  upon  several  occasions,  as  well  as  the  gratification  resulting 
from  his  countenance  and  co-operation  as  one  of  the  directors  of  the 
Company."     This  is  one  side  of  the  matter.    The  other  side  is  that 
Mr.  Whitehouse  had  at  the  British  Association  meeting  of  1856  read 
a  paper  challenging  the  law  of  squares,  and  declaring  that  if  it  was  true 
Atlantic  telegraphy  was  hopeless.      He    professed  to    refute    it    by 
experiments,   the   true  significance   of   which   was  disposed    of    by 
Thomson  in  two  letters  in  The  Athenctum.    He  pointed  out  that  success 
lay  primarily  in  adequate  section  of  conductor,  and  hinted  at  a  remedy 
(deduced  from  Fourier's  equations)  which  he  later  embodied  in  the 
curb  signal  transmitter,   namely,   that  the  coefificient  of  the  simple 
harmonic  term   in  the   expression  for  the  electrical  potential  shall 
vanish.    In  December,  1856,  he  described  to  the  Royal  Society  his  plan 
for  receiving  messages,  namely,  a  sort  of  Helmhoitz  tangent  galvano- 
meter, with  copper  damper  to  the  suspended  needle,  the  deflexions 
being  observed  by  watching  through  a  reading  telescope  the  image 
of  a  scale  reflected  from  the  polished  side  of  the  magnet  or  from 
a  small  mirror  carried  by  it.      As  we  all  know,  he  abandoned  this 
subjective  method  for  the  objective  plan  in  which  a  spot  of  light  from  a 
lamp  is  reflected  by  the  mirror  upon  a  scale.    There  is  a  pretty  story — 
which  is  believed  to  be  true — that  the  idea  of  thus  using  the  mirror 
arose  from  noticing  the  reflection  of  light  from  the  monocle  which, 
being  short-sighted,  he  wore  hung  round  his  neck  with  a  ribbon. 

The  story  of  the  Atlantic  cable,  of  the  failure  of  1857,  of  the  brief 
success  of  1858,  has  so  often  been  told  that  it  need  not  be  emphasised 
here.  Thomson,  after  the  failure  of  the  first  attempt,  was  called  upon 
to  take  a  more  active  part.    He  had  discovered  to  his  surprise  that  the 
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cooductivity  of  copper  was  greatly  affected — to  an  extent  of  30  or  40 
per  cent— -by  its  purity.  So  he  organised  a  system  of  testing  con- 
ductivity at  the  factory  where  the  additional  lengths  were  being  made, 
and  was  put  in  charge  of  the  test-room  on  board  the  Agamemnon  in 
1858.  Whitehouse  was  unable  to  join  the  expedition,  and  Thomson,  at 
the  request  of  the  directors,  undertook  the  post  of  electrician  in  charge, 
without  any  recompense,  though  the  tax  on  his  time  and  energies 
was  very  great.  He  has  recorded  (in  his  Presidential  Address  of  1889 
to  this  Institution)  the  following  generous  note  : — 

"  The  first  Atlantic  cable  gave  me  the  happiness  and  privilege  of 
meeting  and  working  with  the  late  Sir  Charles  Bright.  He  was  the 
engineer  of  this  great  undertaking,  full  of  vigour,  full  of  enthusiasm. 
We  were  shipmates  on  the  Agamemnon  on  the  ever-memorable 
expedition  of  1858,  during  which  we  were  out  of  sight  of  land  for 
thkty-three  days.  To  Sir  C.  Bright's  vigour,  earnestness,  and  en- 
thusiasm was  due  the  laying  of  the  cable." 

And  Bright  has  given  us  the  following  little  silhouette  of 
Thomson : — 

"As  for  the  Professor  ...  he  was  a  thorough  good  comrade, 
good  all  round,  and  would  have  taken  his  '  turn  at  the  wheel '  [of  the 
paying-out  brake]  if  others  had  broken  down.  He  was  also  a  good 
partner  at  whist  when  work  wasn't  on ;  though  sometimes,  when 
momentarily  immersed  in  cogibundity  of  cogitation,  by  scientific 
abstraction,  he  would  look  up  from  his  cards  and  ask,  '  Wba  played 
what?" 

After  various  disheartening  mishaps,  success  crowned  their  efforts. 
Throughout  the  voyage  Thomson's  mirror  galvanometer  had  been 
used  for  the  continuity  tests  and  for  signalling  to  shore,  with  a 
battery  of  seventy-five  Daniell's  cells.  The  continuity  was  reported 
perfect,  and  the  insulation  had  improved  on  submersion.  On 
August  5th  the  cable  was  handed  over  to  Mr.  Whitehouse  and  reported 
to  be  in  perfect  condition.  Whitehouse  at  once  abandoned  the 
Thomson  mirror  instruments  and  began  working  with  his  own  patented 
apparatus,  using  heavy  relays  and  a  special  transmitter  with  induction 
coils.  He  sent  in  no  report  to  the  directors  for  a  week,  while  he  made 
ineffectual  attempts  with  bigger  induction  coils  to  get  his  apparatus  to 
work.  After  more  than  a  week  the  reflecting  galvanometer  and  ordinary 
Daniell  cells  were  resumed,  and  then  clear  messages  were  inter- 
changed and  international  congratulations.  News  of  peace  with  China 
and  of  the  end  of  the  Indian  Mutiny  was  transmitted ;  but  the  insulation 
was  found  to  be  giving  way,  and  on  Octot>er  20th,  after  73a  messages 
had  been  conveyed,  the  cable  spoke  no  more.  It  had  been  destroyed 
by  Whitehonse's  bungling  use  of  induction  coils — some  five  feet  long — 
working  at  some  2,000  volts  ! 

Of  the  part  played  by  Thomson  in  the  next  eight  years,  in  prepara- 
tion for  the  cables  of  1865  and  1866,  there  is  not  time  to  speak. 
Suffice  it  to  say  that  throughout  the  preparations,  the  preliminary 
trials,  the  interrupted  voyage  of  1865,  when  1,000  miles  were  lost,  the 
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successful  voyage  of  1866,  when  the  new  cable  was  laid  and  the 
lost  one  recovered  from  the  ocean  and  completed,  Thomson  was  the 
ruling  spirit  whose  advice  was  eagerly  sought  and  followed.  On  his 
return  he  was  knighted  for  the  part  he  had  played  so  well.  He  had 
in  the  meantime  made  further  improvements  in  conjunction  with 
Cromwell  Varley.  In  1867  he  patented  the  siphon  recorder,  and  in 
conjunction  with  Fleeming  Jenkin,  the  curb-transmitter.  He  was 
consulted  on  practically  every  submarine  cable  project  from  that  time 
forth. 

Thomson's  activities  during  the  sixties  were  immense.  Beside  all 
this  telegraphic  work  he  was  incessant  in  research.  He  had  under- 
taken serious  investigations  on  the  conductivity  of  copper.  He  wa^ 
urging  the  application  of  improved  systems  of  electric  measurement 
and  the  adoption  of  rational  units.  When,  in  1861,  Sir  Charles  Bright 
and  Mr.  Latimer  Clark  proposed  the  names  of  ohm,  volt,  and  farad 
for  the  practical  units  based  on  the  centimetre-gramme-second 
absolute  system,  Sir  WiUiam  Thomson  gave  a  cordial  support ; 
and  on  his  initiative  was  formed  the  famous  Committee  of  Electrical 
Standards  of  the  British  Association,  which  year  by  year  has  done 
so  much  to  carry  to  perfection  the  standards  and  the  methods  of 
electrical  measurement.  He  was  largely  responsible  for  the  inter- 
national adoption  of  the  system  of  units  by  his  advocacy  of  them 
at  the  Paris  Congress  in  1881,  and  in  subsequent  congresses.  He 
was  an  uncompromising  advocate  of  the  metric  system,  and  lost  no 
opportunity  of  denouncing  the  "  absurd,  ridiculous,  time-wasting,  brain- 
destroying  British  system  of  weights  and  measures."  His  lecture  in 
1883  at  the  Civil  Engineers  may  be  taken  as  a  summary  of  his  views, 
and  it  gives  one  a  glimpse  of  his  mental  agility.  So  early  as  1851  he 
had  begun  to  use  the  absolute  system,  stimulated  thereto  by  the  earlier 
work  of  Gauss  and  Weber.  The  fact  that  terrestrial  gravity  varies  at 
difiFerent  regions  of  the  earth's  surface  by  as  much  as  half  of  1  per 
cent,  compelled  the  use  of  absolute  methods  where  any  greater 
accuracy  than  this  is  required.  '*  For  myself,"  he  said,  "  what  seems 
the  shortest  and  surest  way  to  reach  the  philosophy  of  measurement — 
an  understanding  of  what  we  mean  by  measurement,  and  which  is 
essential  to  the  intelligent  practice  of  the  mere  art  of  measiuing — is 
to  cut  off  all  connection  with  the  earth."  And  so  he  imagined  a 
traveller  with  no  watch,  or  tuning  fork,  or  measuring  rod,  wander- 
ing through  the  universe  trying  to  recover  his  centimetre  of  length 
and  his  second  of  time,  and  reconstructing  thereupon  his  units  and 
standards  from  the  wave-length  of  the  yellow  light  of  sodium,  and  the 
value  of  V  the  velocity  of  Ught  from  experiments  on  the  oscillations  in 
the  discharge  of  a  Leyden  jar  I  Some  of  us  in  this  very  room 
remember  how  we  listened  amazed  to  this  characteristic  and  be- 
wildering excursus. 

Amongst  the  activities  of  these  fruitful  years  was  a  long  research  on 
the  electrodynamic  qualities  of  metals,  thermoelectric,  thermoelastic, 
and  thermomagnetic.  These  formed  the  subject  of  his  Baker ian  lecture 
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of  1856,  which  occupies  no  fewer  than  118  pages  of  the  reprinted 
Mathematical  and  Physical  Papers,  He  worked  hard  also  at  the 
mathematical  theory  of  magnetism.  Faraday's  work  on  Diamagnetism 
had  appeared  while  Thomson  was  a  student  at  Cambridge.  It  estab- 
lished the  fact  that  magnetic  forces  were  not  mere  actions  at  a  distance 
between  supposed  poles,  but  actions  dependent  on  the  surrounding 
medium ;  and  Thomson  set  himself  to  investigate  the  matter  mathe- 
matically. Faraday  and  Fourier  had  been  the  heroes  of  Thomson's 
youthful  enthusiasm  ;  and,  while  the  older  mathematicians  shook  their 
heads  at  Faraday's  heretical  notion  of  curved  lines  of  force,  Thomson 
had,  in  1849  and  1850,  developed  a  new  theory  with  all  the  elegance  of 
a  mathematical  disciple  of  Poisson  and  Laplace,  discussing  solenoidal 
and  lamellar  distributions  by  aid  of  the  hydrodynamic  equation  of  con- 
tinuity. To  Thomson  we  owe  the  terms  permeability  and  susceptibility y 
so  familiar  in  the  consideration  of  the  magnetic  properties  of  iron  and 
steeL  He  continued  to  add  to  and  revise  this  work  through  the  sixties 
and  seventies. 

In  1859-60  Thomson  was  studying  atmospheric  electricity,  writing  on 
it  in  Nichol's  Cyclopcedia,  and  lecturing  on  it  at  the  Royal  Institution. 
For  this  study  he  invented  the  water-dropping  collector,  and  vastly 
improved  the  electrometer,  which  developed  into  the  elaborate  forms 
of  the  quadrant  instrument  and  other  types  described  in  the  B.A. 
report  of  1867.  During  this  work  he  discovered  the  fact  that  the 
sudden  charge  or  discharge  of  a  condenser  is  accompanied  by  a  sound. 
He  also  measured  electrostatically  the  electromotive  force  of  a  Daniell's 
cell,  and  investigated  the  potentials  required  to  give  sparks  of  different 
lengths  in  the  air. 

In  the  winter  of  1860-61  Thomson  met  with  a  severe  accident.  He 
fell  on  the  ice  when  engaged  at  Largs  in  the  pastime  of  curling,  and 
broke  the  neck  of  his  thigh.  For  several  months  he  had  to  lie  on  his 
back  ;  and  it  was  at  this  time  that  he  adopted  the  famous  green  note- 
books, which  ever  afterwards  were  the  companions  of  his  days.  The 
accident  left  him  with  a  slight  limp  for  the  rest  of  his  life. 

An  admirable  picture  of  Lord  Kelvin  as  he  was  in  the  sixties, 
moving  among  his  students  and  incessant  in  his  researches,  has  been 
given  in  The  Times  of  January  8,  1908,  by  Professor  Ayrton,  who  was 
then  working  at  Glasgow.  In  these  years  Thomson  was  also  writing 
oa  the  secular  cooling  of  the  earth,  and  investigating  the  changes  of 
form  during  rotation  of  elastic  spherical  shells.  And,  as  if  this  were 
not  enough  to  have  in  hand,  he  embarked  with  his  friend  Professor 
Tait  on  the  preparation  of  a  text-book  of  Natural  Philosophy.  There 
was  at  that  date  no  satisfactory  work  to  put  into  the  hands  of  students, 
and  he  must  supply  the  need.  At  first  a  short  pamphlet  of  propositions 
on  statics  and  dynamics,  culled  by  Professor  John  Ferguson  from  mere 
lecture  notes,  was  printed  for  the  use  of  students.  Thomson  had  told  Helm- 
holtz  of  his  purpose,  and  in  1862  Helmholtz  wrote  him  :  '*  Your  under- 
taking to  write  a  text-book  of  Natural  Philosophy  is  very  praiseworthy, 
bot  will  be  exceedingly  tedious.    At  the  same  time  I   hope  it  will 
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suggest  ideas  to  you  for  much  valuable  work.  It  is  in  writing  a  book 
like  that  that  one  best  appreciates  the  gaps  still  left  in  science."  The 
first  volume  of  Thomson  and  Tait's  "  Treatise  on  Natural  Philosophy  " 
was  published  in  1867,  the  second  only  in  1874  ;  when  it  appeared  that 
Helmholtz's  hopes  were  just.  For  in  approaching  the  subject  of 
elasticity  the  gaps  still  left  were  found  to  be  such  that  whole  new 
mathematical  researches  were  necessary  before  Volume  II.  could  be 
finished.  Thomson's  contributions  to  the  theory  of  elasticity  are  no 
less  important  than  those  he  made  to  other  branches  of  physics.  In 
1867  he  communicated  to  the  Royal  Society  of  Edinburgh  his  famous 
paper  "  On  Vortex  Atoms."  Helmholtz  had  published  a  mathematical 
paper  on  the  hydrodynamic  equations  of  vortex  motion,  proving  that 
closed  vortices  could  not  be  produced  in  a  liquid  perfectly  devoid  of 
internal  friction.  Thomson  seized  on  this  idea.  If  no  such  vortex  could 
be  artificially  produced,  then  if  such  existed  it  could  not  be  destroyed. 
But  being  in  motion  and  having  the  inertia  of  rotation,  it  would  have 
elastic  and  other  properties.  He  showed  that  vortex-rings  (like  smoke- 
rings  in  air)  in  a  perfect  medium  are  stable,  and  that  in  many  respects 
they  possess  the  qualities  essential  to  the  properties  of  material  atoms 
— permanence,  elasticity,  and  power  to  act  on  one  another  through  the 
medium  at  a  distance.  The  different  kinds  of  atoms  known  to  the 
chemist  as  elements  were  to  be  regarded  as  vortices  of  different 
degrees  of  complexity.  Though  he  seemed  at  the  end  of  his  life  to 
doubt  whether  the  vortex-atom  hypothesis  was  adequate  to  explain  all 
the  properties  of  matter,  the  conception  remains  to  all  time  a  witness 
to  his  extraordinary  powers  of  mind. 

In  1870  Lady  Thomson,  whose  health  had  been  failing  for  several 
years,  died.  In  the  same  year  the  University  of  Glasgow  was 
removed  from  the  site  it  hsid  occupied  for  over  four  centuries  to 
the  new  and  splendid  buildings  on  Gilmore  Hill,  overlooking  the 
Kelvin  River.  Sir  William  Thomson  had  a  house  here  in  the 
terrace  assigned  for  the  residences  of  the  professors,  adjoining  his 
laboratory  and  lecture-room.  From  his  youth  he  had  been 
fond  of  the  sea,  and  had  early  owned  boats  of  his  own  on 
the  Clyde.  For  many  years  his  sailing  yacht,  the  Lalla  Rookh,  was 
conspicuous,  and  he  was  an  accomplished  navigator.  His  experiences 
in  cable-laying  had  taught  him  much,  and  in  return  he  was  now  to 
teach  science  in  navigation.  First  he  reformed  the  mariners'  compass, 
lightening  the  moving  parts  to  avoid  protracted  oscillations,  and  to 
facilitate  the  correction  of  the  quadrantal  and  other  errors  arising  from 
the  magnetism  of  the  ship's  hull.  At  first  the  Admiralty  would  have 
none  of  it.  Even  the  Astronomer  Royal  condemned  it.  "So  much 
for  the  Astronomer  Royal's  opinion,"  he  ejaculated.  But  the  compass 
is  now  all  but  universally  adopted  both  in  the  Navy  and  in  the 
Mercantile  Marine. 

Dissatisfied  with  the  clumsy  appliances  used  in  sounding,  when  the 
ship  had  to  be  stopped  before  the  sounding  line  could  be  let  down^  he 
devised  the  now  well-known  apparatus  for  taking  flying  soundings 
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by  using  a  line  of  steel  piano  wire.  He  had  great  faith  in  navigating  by 
osc  oi  sounding  line,  and  once  told  me — apropos  of  a  recent  wreck  near 
the  Lizard,  which  he  declared  would  have  been  impossible  had  sound- 
ings been  regularly  taken — ^how,  in  a  time  of  continuous  fog,  he  brought 
his  yacht  all  the  way  across  the  Bay  of  Biscay  into  the  Solent  trusting 
to  soundings  only.  He  also  published  a  set  of  tables  for  facilitating 
the  use  of  Sumner's  method  at  sea.  He  was  vastly  interested  in  the 
question  of  the  tides,  not  merely  as  a  sailor,  but  because  of  the  interest 
attending  their  mathematical  treatment  in  connection  with  the  problems 
o£  the  rotation  of  spheroids,  the  harmonic  analysis  of  their  complicated 
periods  by  Fourier's  methods,  and  their  relation  to  hydrodynamic 
problems  generally.  He  invented  a  tide-predicting  machine,  which 
will  predict  for  any  given  port  the  rise  and  fall  of  the  tides,  which  it 
gives  in  the  form  of  a  continuous  curve  recorded  on  paper  ;  the  entire 
carves  for  a  whole  year  being  inscribed  by  the  machine  automatically 
in  about  four  hours.  Further  than  this,  adopting  a  beautiful  mechanical 
integrator,  the  device  of  his  ingenious  brother.  Professor  James  Thom* 
son,  he  invented  a  harmonic  analyser — the  first  of  its  kind^capable 
not  only  of  solving  differential  equations  of  any  order,  but  of  analysing 
any  given  periodic  curve  and  exhibiting  the  values  of  the  coefficients 
of  the  various  terms  of  the  Fourier  series.  Wave  problems  always  had 
a  fascination  for  him,  and  the  work  of  the  mathematicians  Poisson  and 
Cauchy  on  the  propagation  of  wave-motion  were  familiar  studies.  In 
his  lectures  he  used  to  say,  "The  great  struggle  of  1815 " — and  then 
paused,  while  his  students,  thinking  of  Waterloo,  began  to  applaud— 
"  was  not  that  fought  out  on  the  plains  of  Belgium,  but — who  was  to 
rale  the  waves,  Cauchy  or  Poisson  ? "  In  1871  Helmholtz  went  with 
Sir  William  Thomson  on  the  yacht  Lalla  Rookh  to  the  races  at  In* 
vcrary.  and  on  some  longer  excursions  to  the  Hebrides.  Together  they 
studied  the  theory  of  waves,  "  which  he  loved,"  says  Helmholtz,  "to 
treat  as  a  race  between  us."  Returning  they  visited  many  friends. 
•*  It  was  all  very  friendly,"  wrote  Helmholtz,  "and  unconstrained. 
Thomson  presumed  so  much  on  his  intimacy  with  them  that  he  always 
carried  his  mathematical  note-book  about  with  him,  and  would  begin 
to  calculate  in  the  midst  of  the  company  if  anything  occurred  to  him, 
which  was  treated  with  a  certain  awe  by  the  party."  He  possessed 
indeed  the  faculty  of  detachment,  and  would  settle  quietly  down  with 
his  green  book  almost  unconscious  of  things  going  on  around  him.  On 
calm  days  he  and  Helmholtz  experimented  on  the  rate  at  which  the 
smallest  ripples  on  the  surface  of  the  water  were  propagated.  Almost 
the  last  publications  of  Lord  Kelvin  were  a  series  of  papers  on  "  Deep 
Sea  Ship  WVves,"  communicated  between  1904  and  1907  to  the  Royal 
Society  of  Edinburgh. 

In  1874,  on  June  17th,  Sir  William  Thomson  married  Miss  Frances 
Anne  Blandy,  of  Madeira,  whom  he  had  met  on  cable-laying  expedi* 
tions.  Lady  Kelvin,  who  survives  him,  became  the  centre  of  his  home 
in  Glasgow  and  the  inseparable  companion  of  all  his  later  travels.  He 
built  at  Netherhall,  near  Largs,  a  beautiful  mansion  in  the  Scottish 
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baronial  style ;  and  though  he  latterly  had  a  London  house  in  Eaton 
Place,  Netherhall  was  the  home  to  which  he  retired  when  he  withdrew 
from  active  work  in  the  University  of  Glasgow. 

Throughout  the  seventies  and  eighties  Sir  William  Thomsons 
scientific  activities  were  continued  with  untiring  zeal.  In  1874  he 
was  elected  President  of  the  Society  of  Telegraph  Engineers,  of  which, 
in  1871,  he  had  been  a  foundation  member  and  Vice-President.  In 
1876  he  visited  America,  bringing  back  with  him  a  pair  of  Graham 
Bells  earliest  experimental  telephones.  He  was  President  of  the 
Mathematical  and  Physical  Section  of  the  British  Association  of  that 
year  at  Glasgow. 

Amongst  the  matters  that  cannot  be  omitted  in  any  notice  of  his  life 
was  Lord  Kelvin's  controversy  with  the  geologists.  He  had  from  three 
independent  lines  of  argument  inferred  that  the  age  of  the  earth  could 
not  be  infinite,  and  that  the  time  demanded  by  the  geologists  and 
biologists  for  the  development  of  life  must  be  finite.  He  himself 
estimated  it  at  about  a  hundred  million  of  years  at  the  most.  In  vain 
did  the  naturalists,  headed  by  Huxley,  protest.  He  stuck  to  his  pro- 
positions with  unrelaxing  tenacity  but  unwavering  courtesy.  "  Gentler 
knight  never  broke  lance,"  was  Huxle/s  dictum  of  his  opponent. 
His  position  was  never  really  shaken,  though  the  later  researches  of 
Perry,  and  the  discovery  by  Strutt  of  the  degree  to  which  the  con- 
stituent rocks  of  the  earth  contain  radioactive  matter,  the  disgregation 
of  which  generates  internal  heat,  may  so  far  modify  the  estimate  as  to 
increase  somewhat  the  figure  which  he  assigned. 

The  completion  of  the  second  volume  of  the  Thomson  and  Tait 
"  Treatise"— no  more  was  ever  published — and  the  collection  of  his 
own  scattered  researches,  was  a  work  extending  over  some  years.  In 
addition  he  wrote  for  the  Encyclopcedia  Briiannica,  of  1879,  the  long 
and  important  articles  on  "  Elasticity"  and  on  "  Heat." 

In  1871  he  was  President  of  the  British  Association  at  its  meeting 
in  Edinburgh.  In  his  Presidential  Address,  which  ranged  luminously 
over  the  many  branches  of  science  witliin  the  scope  of  the  Association, 
he  propounded  the  suggestion  that  the  germs  of  life  might  have  been 
brought  to  the  earth  by  some  meteorite. 

With  the  advent  of  electric  lighting  at  the  end  of  the  seventies 
Thomson's  attention  was  naturally  attracted  to  this  branch  of  the  prac- 
tical applications  of  science.  He  never  had  any  prejudice  against  the 
utilisation  of  science  for  practical  ends. 

"There  cannot,"  he  wrote,  "be  a  greater  mistake  than  that  of 
looking  superciliously  upon  practical  applications  of  science.  The 
life  and  soul  of  science  is  its  practical  application ;  and  just  as  the 
great  advances  in  mathematics  have  been  made  through  the  desire  of 
discovering  the  solution  of  problems  which  were  of  a  highly  practical 
kind  in  mathematical  science,  so  in  physical  science  many  of  the  greatest 
advances  that  have  been  made  from  the  beginning  of  the  world  to  the 
present  time  have  been  made  in  the  earnest  desire  to  turn  the  know- 
ledge of  the  properties  of  matter  to  some  purpose  useful  to  mankind." 
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And  so  he  scorned  not  to  cieTOe  tnstnnxicQts  and  appliances  for 
commercial  use.  His  electrometers,  his  galvanometers,  his  siphon- 
recorders,  and  his  compasses  had  been  made  by  James  White,  optician, 
of  Glasgow.  In  this  firm  be  became  a  partner,  taking  the  keenest 
commercial  interest  in  its  operations,  and  frequenting  the  factory  to 
superintend  the  ccmstmction  of  apparatus.  New  measuring  instru- 
ments were  required.  He  set  himself  to  devise  them,  designing 
potential  galvanometers,  ampere  gauges,  and  a  whole  series  of 
standard  electric  balances  for  electrical  engineers. 

Lord  Kelvin's  patented  inventions  were  very  numerous.  Without 
counting  in  those  since  1900,  taken  mostly  in  the  name  of  Kelvin  and 
James  White,  they  number  56.  Of  these  11  relate  to  telegraphy,  11 
reUte  to  compasses  and  navigation  apparatus,  6  relate  to  dynamo 
machines  or  electric  lamps,  35  to  electric  measuring  instruments,  1  to 
the  electroljrtic  production  of  alkali,  and  2  to  valves  for  fluids.  Ho 
was  an  independent  inventor  of  the  zigzag  method  of  winding  alter- 
nators, which  the  public  knew  under  the  name  of  Ferranti's  machine, 
which  was  manufactured  under  royalties  payable  to  him.  Ho  was 
interested  even  in  devising  such  details  as  fuses  and  the  suspension 
poUeys  with  di£Eerential  gearing  by  which  incandescent  lamps  can 
be  raised  or  lowered. 

He  gave  evidence  before  a  Parliamentary  Committee  on  Electric 
Lighting,  and  discussed  the  theory  of  the  electric  transmission  of 
power,  pointing  out  the  advantage  of  high  voltages.  Tho  introduce 
tioo  into  England  in  1881  of  the  Fanre  accumulator  excited  him 
greatly.  In  his  Presidential  Address  to  the  Mathematical  and  Phjrsical 
Section  of  the  British  Association  at  York  that  year  he  spoke  of  this 
and  of  the  possibility  of  utilising  the  powers  of  Niagara.  He  also  read 
two  papers,  in  one  of  which  he  showed  mathematiodly  that  in  a  shunt 
dytamo  best  economy  of  working  was  attained  when  the  resistance 
of  the  outer  circuit  was  a  geometric  mean  between  the  resiftt«inces  of 
the  armature  and  of  the  shunt.  In  the  other  he  laid  down  the  famous 
law  of  the  economy  of  copper  lines  for  the  transmission  of  power. 

Helmholtz,  visiting  him  again  in  1884,  found  him  absorbed  m 
regulators  and  measuring  apparatus  for  electric  lighting  and  electric 
railways.  '*  On  the  whole,"  Hehnholtz  wrote,  *'  1  have  an  impression 
that  Sir  William  might  do  better  than  apply  his  eminent  sagacity  to 
industrial  undertakings ;  his  instruments  appear  to  me  too  subtle  to  he 
pot  into  the  hands  of  uninstructed  workmen  and  officials.  ...  He  is 
stmultaneoosly  revolving  deep  theoretical  projects  in  his  mind,  but  has 
no  leisure  to  work  them  out  quietly  ;  as  far  as  that  goes,  I  am  not  much 
better  off  1  **  But  he  shortly  added,  *'  I  did  Thomson  an  injustice  in 
supposing  him  to  be  wholly  immersed  in  technical  work  ;  he  was  full 
of  speculations  as  to  the  original  properties  of  bodies,  some  of  which 
were  very  difficult  to  follow ;  and,  as  you  know,  he  will  not  stop  for 
meals  or  any  other  consideration.'*  And  indeed  Thomson  had  weighty 
things  in  his  mind.  He  was  revolving  over  the  speculations  which 
faOer  in   the    same  year  be  was   to    pour  out   in  such  marvellous 
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abundance  in  his  famous  twenty  lectures  in  Baltimore, "  On  Molecular 
Dynamics  and  the  Wave  Theory  of  Light."  These  lectures,  delivered 
to  twenty-six  hearers,  mostly  accomplished  teachers  and  professors, 
were  reported  verbatim  at  the  time,  and  reprinted  by  him  with 
many  revisions  and  additions  in  1904.  Of  this  extraordinary  work, 
done  at  the  age  of  sixty,  it  is  difficult  to  speak.  Day  after  day 
he  led  the  twenty-six  "  coefficients  "  who  sat  at  his  feet,  through  the 
mazes  of  the  solid-elastic  theory  and  the  spring-shell  molecule, 
newly  invented  in  order  to  give  a  conception  how  the  molecules  of 
matter  are  related  to  the  ether  through  which  light-waves  are  propa- 
gated. All  his  life  he  had  been  endeavouring  to  discover  a  rational 
mechanical  explanation  for  the  most  recondite  phenomena — the 
mysteries  of  magnetism,  the  marvels  of  electricity,  the  difficulties  of 
crystallography,  the  contradictory  properties  of  ether,  the  anomalies  of 
optics.  While  Thomson  had  been  seeking  to  .explain  electricity  and 
magnetism  and  light  dynamically,  or  as  mechanical  properties,  if  not 
of  matter,  at  least  of  ether.  Maxwell  (the  most  eminent  of  his  many 
disciples)  had  boldly  propounded  the  electromagnetic  theory  of  light, 
and  had  drawn  all  the  younger  men  after  him  in  acceptance  of  the 
generalisation  that  the  waves  of  light  were  essentially  electromagnetic 
displacements  in  the  ether.  Thomson  had  never  accepted  Maxwell's 
theory.  It  is  true  that  in  1888  he  gave  a  nominal  adhesion,  and  in 
the  preface  which,  in  1893,  he  wrote  to  Hertz's  "Electric  Waves,'' 
he  himself  uses  the  phrase  "the  electromagnetic  theory  of  hght,  or 
the  undulatory  theory  of  magnetic  disturbance."  But  later  he  with- 
drew his  adhesion,  preferring  to  think  of  things  in  his  own  way. 
Thomson's  Baltimore  lectures,  abounding  as  they  do  in  brilliant  and 
ingenious  points,  and  ranging  from  the  most  recondite  problems  of 
optics  to  speculations  on  crystal  rigidity,  the  tactics  of  molecules  and 
the  size  of  atoms,  leave  one  with  the  sense  of  being  a  sort  of  protest  of 
a  man  persuaded  against  his  own  instincts,  and  struggling  to  find  new 
expression  of  his  thoughts  so  as  to  retain  his  old  ways  of  regarding  the 
ultimate  dynamics  of  physical  nature. 

One  characteristic  of  all  Lord  Kelvin's  teaching  was  his  peculiar 
fondness  for  illustrating  recondite  notions  by  models.  Possibly  he 
derived  this  habit  from  Faraday ;  but  he  pushed  its  use  far  beyond 
anything  prior.  He  built  up  chains  of  spinning  gyrostats  to  show  how 
the  rigidity  derived  from  the  inertia  of  rotation  might  illustrate  the 
property  of  elasticity.  The  vortex-atom  presented  a  dynamical  picture 
of  an  ideal  material  system.  He  strung  together  little  balls  and  beads 
with  sticks  and  elastic  bands  to  demonstrate  crystalline  dynamics.  On 
the  use  of  the  model  to  illustrate  physical  principles  he  spoke  as  follows 
at  Baltimore  : — 

"  My  object  is  to  show  how  to  make  a  mechanical  model  which 
shall  fulfil  the  conditions  required  in  the  physical  phenomena  that 
we  are  considering,  whatever  they  may  be.  At  the  time  when  we  are 
considering  the  phenomena  of  elasticity  in  solids  1  shall  want  a  model 
of  that.    At  another  time,  when  we  have  vibrations  of  light  to  consider, 
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I  shall  want  to  show  a  model  of  the  action  exhibited  in  that  phenomenon. 
We  want  to  understand  the  whole  about  it ;  we  only  understand  a  part. 
It  seems  to  me  that  the  test  of  '  Do  we  or  do  we  not  understand  a  par- 
ticnlar  subject  in  physics  ? '  is  :  '  Can  we  make  a  mechanical  model  of 
it  ? '  I  have  an  immense  admiration  for  Maxwell's  mechanical  model 
of  electroma^etic  induction."  And  again,  Lord  Kelvin  says :  **  I  never 
satisfy  m3rself  until  I  can  make  a  mechanical  model  of  a  thin{(.  If  I 
can  make  a  mechanical  model,  I  can  understand  it  As  long  as  I 
cannot  make  a  mechanical  model  all  the  way  through  I  cannot  under- 
stand  it." 

This  use  of  models  is  indeed  to  be  found  in  the  work  of  every 
follower  of  Faraday.  Maxwell  designed  physical  models  as  we  have 
seen.  FitzGerald  conceived  a  remarkable  model  of  the  aether.  Andrew 
Gray  has  hberally  employed  them.  The  work  of  Sir  Oliver  Lodge  teems 
with  models  of  all  sorts.  It  has  become  characteristic  of  the  tone  and 
temper  of  British  physicists,  of  none  more  than  of  Lord  Kelvin.  Where 
Poisson  or  Laplace  saw  a  mathematical  formula,  Kelvin  with  true 
physical  imagination  discerned  a  reality  which  could  be  roughly  simu- 
lated in  the  concrete.  And  throughout  all  his  mathematics  his  grip  of 
the  physical  reality  never  left  him.  According  to  the  standard  that 
Kelvin  set  before  him,  it  is  not  sufficient  to  apply  pure  analysis  to  obtain 
a  solution  that  can  be  computed.  Every  equation, ''  every  line  of  the 
mathematical  process  must  have  a  physical  meaning,  every  step  in  the 
process  must  be  associated  with  some  intuition,  the  whole  argument 
mn^t  be  capable  of  being  conducted  in  concrete  physical  terms."  *  In 
other  words,  Lord  Kelvin,  being  a  highly  accomplished  mathomutician, 
used  his  mathematical  equipment  with  supreme  ability  as  a  tool :  ho 
remained  its  master  and  did  not  l>ecome  its  slave. 

Once  Lord  Kelvin  astonished  the  audience  at  the  Royal  Institution 
by  a  discourse  on  "  Isoperimetrical  Problems,"  endeavourmg  to  give  a 
popular  account  of  the  mathematical  process  of  determining  a  niaxinmm 
or  minimum,  which  he  illustrated  by  Dido's  task  of  cutting  an  ox-hide 
into  strips  so  as  to  enclose  the  largest  piece  of  ground;  by  Horatiu« 
Cocles's  prize  of  the  largest  plot  that  a  team  of  oxen  could  plough  in 
a  day  ;  and  by  the  problem  of  running  the  shortest  railway  line  between 
two  given  points  over  uneven  country.  On  another  occasion  he  enter- 
tained the  Royal  Society  with  a  discourse  on  the  '*  Homogeneous 
Partitioning  of  Space,"  in  which  the  fundamental  packing  of  atoms  was 
geometrically  treated,  affording  incidentally  the  theory  of  the  designing 
of  wall-paper  patterns. 

To  the  last  Lord  Kelvin  took  an  intense  interest  in  the  most  recent 
discoveries.  Electrons — or  **  electrions,*'  as  he  called  them— were 
continually  under  discussion.  He  prided  himself  that  he  had  read 
Rotherford's  book  on  ''  Radioactivity  "  again  and  again.  He  objected, 
however,  in  Mo  to  the  notion  that  the  atom  was  capable  of  division 
or  disintegration.  In  1903,  in  a  paper  called  **  iiCpinus  Atomized,'* 
he  reconsidered  the  views  of  i4Cpinus  and  Father  Boscovitch  from 
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the  newest  standpoint,  modifying  iEpinus's  theory  to  suit  the  notion 
of  electrions. 

After  taking  part  in  the  British  Association  meeting  of  1907  at 
Leicester,  where  he  entered  with  surprising  activity  into  the  discussions 
of  radioactivity  and  kindred  questions,  he  went  to  Aix-les-Bains  for 
change.  He  had  barely  reached  home  at  Largs  in  September  when 
Lady  Kelvin  was  struck  down  with  a  paralytic  seizure.  Lord  Kelvin's 
misery  at  her  helpless  condition  was  intense.  He  had  himself  suffered 
for  fifteen  years  from  recurrent  attacks  of  facial  neuralgia,  and  in  1906 
underwent  a  severe  operation.  Under  these  afflictions  he  had  visibly 
aged,  and  the  illness  of  Lady  Kelvin  found  him  little  able  physically  to 
sustain  the  anguish  of  the  stroke.  He  wandered  distractedly  about  the 
corridors  of  his  house  unable  at  last  to  concentrate  his  mind  on  work  in 
hand.  A  chill  seized  him,  and  after  about  a  fortnight  of  prostration 
he  sank  slowly  and  quietly  away. 

He  was  buried  in  Westminster  Abbey,  with  national  honours,  on 
December  23,  1907. 

The  sympathies  of  all  of  us  go  out  to  the  gracious  lady  who  survives 
him,  and  who  with  such  assiduous  devotion  tended  him  in  his  declining 
years. 

Honours  fell  thickly  on  Lord  Kelvin  in  his  later  life.  He  was 
President  of  the  Royal  Society  from  1890  to  1894.  He  had  been  made 
a  Fellow  of  the  Royal  Society  in  1851,  and  in  1883  had  been  awarded 
the  Copley  medal.  He  was  raised  to  the  peerage  in  1892.  He  was 
one  of  the  original  members  of  the  Order  of  Merit  founded  in  1902, 
was  a  Grand  Officer  of  the  Legion  of  Honour,  and  held  the  Prussian 
Order  Pour  le  Mirite,  In  1902  he  was  named  a  Privy  Councillor.  In 
1904  he  was  elected  Chancellor  of  the  University,  in  which  he  had 
filled  the  Chair  of  Natural  Philosophy  for  fifty-three  years.  He  had 
celebrated  his  jubilee  with  unusual  marks  of  world-wide  esteem,  in 
1896 ;  and  finally  retired  in  1899.  He  was  a  member  of  every  foreign 
Academy,  and  held  honorary  degrees  from  almost  ever}*  University. 
In  1899  we  elected  him  an  Honorary  Member  of  our  Institution. 

In  politics  he  was,  up  to  1885,  a  broad  Liberal ;  but,  as  was  natural 
in  an  Ulsterman,  became  an  ardent  Unionist  on  the  introduction  of  the 
Home  Rule  Bill.  He  once  told  me  that  he  preferred  Chamberlain's 
plan  of  Home  Rule  with  four  Irish  Parliaments — one  in  each  province. 

In  religion  Lord  Kelvin  was  an  Anglican — at  least  from  his  Cam- 
bridge days — but  when  at  Largs  attended  the  Presb3rterian  Free 
Church.  His  simple,  unobtrusive,  but  essential  piety  of  soul  was 
unclouded.  He  had  a  deep  detestation  of  ritualism  and  sacerdotalism, 
which  he  hated  heart  and  soul  in  all  its  forms;  and  he  denounced 
spiritualism  as  a  loathsome  and  vile  superstition.  His  profound  studies 
had  led  him  again  and  again  to  contemplate  a  beginning  to  the  order 
of  things,  and  he  more  than  once  publicly  professed  a  profound  and 
entirely  unaffected  belief  in  Creative  Design. 

Kindly-hearted,  lovable,  modest  to  a  degree  almost  unbelievable,  he 
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carried  through  life  the  most  intense  love  of  truth  and  an  insatiable 
desire  for  the  advancement  of  natural  knowledge.  Accurate  and 
minole  measurement  was  for  him  as  honourable  a  mode  of  advancing 
knowledge  as  the  most  brilliant  or  recondite  speculation.  At  both  ends 
of  the  scale  his  pre-eminence  in  the  quest  for  truth  was  unchallenged. 
If  he  could  himself  at  the  end  of  his  long  career  describe  his  own  efforts 
as  "  failure/'  it  was  because  of  the  immensely  high  ideal  '^  which  he  set 
before  him.  "  I  know/'  he  said  on  the  day  of  his  jubilee,  "  no  more  of 
electric  and  magnetic  force,  or  of  the  relation  between  ether,  electricity, 
and  ponderable  matter,  or  of  chemical  affinity,  than  I  knew  and  tried  to 
teach  to  my  students  in  my  first  session."  Yet  which  of  us  has  not 
learned  much  of  these  things  because  of  his  work  ?  We  of  this  Insti- 
tutioo  may  well  be  proud  of  him — proud  that  he  was  one  of  our  first 
members,  that  he  was  thnce  our  President,  and  that  as  our  President  he 
died.     We  shall  not  look  upon  his  like  again. 

Sir  William  Prekce,  K.C.B.,  F.R.S.  (Past  President) :  Professor  «f^. 
Silvanus  Thompson, — I  know  that  I  voice  the  feelings  of  every  one 
present  to-night  when  I  say  that  we  have  enjoyed  a  delightful  hour 
and  a  half  in  listening  to  the  reading  of  one  of  the  best  digested 
memorials  I  have  ever  hstened  to,  couched  in  the  simplest  and  most 
beantiful  English  language,  of  which  you  are  a  master,  touched  up  with 
brilliant  flashes  of  scientific  truths,  and  giving  us  in  the  simplest  pos- 
sible  way  an  idea  of  the  work  of  that  great  man  whose  loss  we  so 
deeply  deplore.  You  have  made  it  agreeable  to  us,  because  you  have 
given  delightful  little  touches  of  humour  which  have  withdrawn  from 
it  any  conception  of  its  being  a  doleful  memorial  service.  It  will  leave 
upon  us  the  impression  of  being  a  witty,  learned,  sensible  condensation 
of  the  work  of  the  great  life  which  has  gone.  I  stand  here,  as  one  who 
for  over  half  a  century  claimed  an  intimate  acquaintance  with  our  great 
chief,  to  propose  that  a  vote  of  thanks  be  given  to  you  for  the  graceful 
tribute  you  have  given  us  to-night.  I  will  not  take  advantage  of  this 
fact  to  say  a  word  of  my  own  feelings  in  the  matter  ;  I  will  simply  say 
that,  as  a  man,  while  he  lived  I  loved  him,  and  now  that  he  is  dead 
I  revere  him.  During  the  short  remainder  of  my  very  long  experience 
as  an  electrical  engineer  I  will  take  every  chance  and  opportunity  of 
glorif3ring,  if  I  can,  the  work  that  Professor  Thompson  has  expounded 
to-night  Gentlemen,  it  is  my  duty  to  propose  that  a  vote  of  thanks 
be  accorded  to  Professor  Silvanus  Thompson  for  the  address  we  have 
listened  to,  and  to  ask  his  permission  for  the  lecture  to  be  printed  in  the 
Journal  of  our  Proceedings. 

Professor  Carey  Foster,  F.R.S,  (Past  President) :  I  feel  it  a  very  Pro;»^ 
great  honour  to  be  alk>wed  to  second  the  vote  of  thanks  which  Sir 
William  Preecc  has  so  well  proposed.     We  are  greatly  indebted  to 
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•  He  conceived  the  potsibility  of  formulating  a  comprehenii\'e  molecular  theory, 
delifiitr  and  complete,  •*  in  which  all  ph}'«ical  science  unll  be  nrpretented  with  every 
prviprrty  of  matter  shown  In  d^ivimical  relation  to  the  whole.'—"  Pretidenttal 
Addremto  the  Bhtiah  Assttxriation."  1871,  reprinted  in  '^  Pi>pular  Lectures  and 
^UUtrewcft,"  vol.  ii ,  p.  163. 
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• 
Professor       Professor  Thompson  for  the  address  which  he  has  given  us.     To 
^^^^'  speak  on  such  a  subject  at  all  adequately  in  the  short  time  aUowed 

for  one  of  our  addresses  is  not  an  easy  thing  to  do,  but  I  think 
we  must  all  recognise  that  Professor  Silvanus  Thompson  has  most 
worthily  fulfilled  a  noble  task.  I  cannot  quite  equal  Sir  William 
Preece  in  claiming  half  a  centiwy's  friendship  with  Lord  Kelvin,  but 
I  can  go  pretty  near  it.  I  first  had  the  honour  of  making  his  acquaint- 
ance in,  I  think,  1862,  and  I  shall  never  forget  the  kindness  and 
generosity  which  he  showed  to  me  as  a  young  man,  or  his  more  than 
generous  appreciation  of  any  work  which  he  considered  was  genuine 
and  true  of  its  kind.  The  work  Lord  Kelvin  did  would  have  broken 
down  any  other  man  ;  but  he  never  seemed  weary,  and  he  was 
never  too  full  of  his  own  business  to  be  able  to  give  attention  to 
any  claim  upon  him  from  others.  Professor  Thompson  has  touched 
upon  almost  every  point  of  his  immense  output  of  scientific  work,  and 
in  doing  so  he  has  given  us,  not  a  mere  catalogue,  but  an  intelligible 
and  discriminating  account  of  his  essential  results.  My  own  thoughts 
go  back  to  Lord  Kelvin,  perhaps,  even  more  as  a  man  than  as  an  illus- 
trious leader  of  science,  but  in  both  aspects  his  is  a  memory  that  not 
only  we,  but  the  nation,  may  be  proud  of.  We  have  to  thank  Professor 
Thompson  for  a  most  excellent  account  of  this  great  man,  whose  loss 
we  all  so  keenly  deplore. 

The  resolution  of  thanks  was  then  put  to  the  meeting  and  carried 
by  acclamation. 
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ELECTROLYTIC  CORROSION. 

By  Professor  W.  W.  Haldane  Gee,  Associate  Member. 

{Paper  received /rom  the  Manchester  Local  Section,  March  4,  and  read  at 
Manchester  on  March  31,  1908.) 

I.— Classification. 

From  time  to  time  serious  cases  of  metallic  corrosion  having  been 
brought  under  my  notice,  it  was  decided  to  collect  evidence  relating 
to  its  cause  and  to  make  experiments  on  the  subject. 

In  this  task  it  was  soon  found  that  a  convenient  hypothesis  is  that 
all  corrosion  is  essentially  electrolytic.    Adopting  this  view  a  wide« 
field  is  open  to  study,  and  the  subject  may  be  conveniently  divided 
as  follows : — 

1.  Corrosion  produced  by  an  external  E.M.F.  or  ordinary  electro- 

lysis. 

2.  Corrosion  resulting  from  the  contact  of  different  metals. 

3.  Ordinary  or  self -corrosion. 

4.  Corrosion  produced  by  alternating  currents. 

5.  Corrosion  produced  by  the  combinations  of  the  above  cases. 

IL— The  E.M.F.  External  Anode  Phenomena. 

When  an  electric  current  is  passed  through  an  electrolyte,  such 
as  a  solution  of  sodium  chloride,  with  an  anode  like  copper,  the 
electrochemical  effect  of  the  negative  ions  will  be  to  dissolve  a 
mass  of  the  anode,  whose  theoretical  amount  may  be  calculated  by 
the  law  of  Faraday.  In  practice  this  value  may  be  exceeded  or 
the  efiiciency  of  the  process  may  be  very  small. 

The  subject  of  anodic  corrosion  until  comparatively  recently 
has  not  received  much  attention.  An  important  modern  contribu- 
tion to  our  knowledge  is  due  to  Wohlwill,*  who  has  shown  that 
in  the  case  of  copper  the  anode  may  lose  33  per  cent,  by  mechanical 
disintegration  alone. 

A  high  anode  efficiency  is  important  in  the  electrolytic  refining 
and  the  electroplating  industries.  Each  case  will  vary  according 
to  the  nature  of  the  anodes  (as  to  constitution  and  kind  of  surface), 
the  electrolyte  used  and  its  temperature,  and  especially  depends 
CO  the  current  density  employed.  Thus  nickel  with  a  current  density 
of  0*05  ampere  per  square  decimetre  may  dissolve  quantitatively  in  sul- 
phuric acid  or  become  passive  in  sodium  nitrate  and  remain  unattacked.f 

•  •*  Dai  Zerfalltm  der  Anode,"  Zeilichrift far  EUkirixhemie,  vol.  q,  p.  31 ».  IQ03. 
f  y.  G.  Levi,  Gtuxeta  Chimka  Italiana,  vol-  35.  part  i,  p.  3*)l.  »905- 
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Again  it  has  been  shown  that  electrolytic  nickel  anodes  may  only 
give  an  anode  efficiency  of  127  per  cent.,  whilst  cast  nickel  anodes 
roughened  with  acids  may  have  an  anode  efficiency  as  high  as  91*3  per 
cent.*  Nickel  anodes  are  peculiar  in  becoming  pitted  at  a  number 
of  points,  holes  being  soon  formed  in  places,  but  in  other  parts 
the  original  thickness  of  the  plates  remains  intact.f 

III.— Experiments  on  Anodic  Corrosion. 

The  following  experiments  have  been  made  either  by  directly 
weighing  the  dried  electrodes  or  by  using  the  method  of  balanced 
electrodes  as  described  by  me.{  The  anode  is  weighed  from  time 
to  time  in  the  electrolyte  and  the  real  loss  calculated  from  the 
density  of  the  metal  and  that  of  the  electrolyte. 

In  the  tests  with  copper  a  solution  containing  32  oz.  of  copper 
sulphate  crystals  and  12*6  oz.  of  sulphuric  acid  to  the  gallon  of  water 
was  used.  The  anode  was  of  good  sheet  copper  of  10  sq.  in.  total 
surface.  After  corrosion  the  anode  was  gently  cleaned.  At  the 
higher  current  densities  a  strongly  adherent  film  of  a  black  colour 
"was  formed,  and  the  results  were  very  irregular. 

When  pure  electrolytic  copper  was  substituted  the  values  obtained 
were  : — 

Current  Density.  Anode  Efficiency. 

Amperes  per  Square  Inch.  Per  Cent. 

o'oio  103*6 

©•050  1 10-5 

0100  io8*6 

These  limits  of  current  density  thus  all  give  greater  corrosion  than 
the  theoretical  amount,  copper  being  assumed  to  be  a  diad. 

IV. — Passivity  of  Metals. 

Under  certain  conditions  a  corrodible  metal  behaves,  when  it  is 
made  the  anode,  as  if  it  were  a  noble  metal.  For  this  passive  condition 
the  most  obvious  explanation  is  that  a  film  of  insoluble  oxide  is  formed, 
which  prevents  further  attack,  and  no  doubt  that  in  some  cases  this  is 
the  fact.  Many  researches  have  been  made  on  the  subject,  and 
quite  an  extensive  literature  of  the  rival  theories  might  be  quoted. 
Practically  the  effect  is  of  great  importance  in  the  prevention  of 
metals  from  corrosion  by  stray  currents,  as  will  be  shown  later  in 
this  paper. 

Experiments  on  Passivity, 

The  iron  used  in  all  the  experiments  was  transformer  iron. 

1.  Sodium  carbonate,  half  normal.  Electrodes  1 10  sq.  cms.,  5  cms. 
apart.  A  very  clean  electrolysis,  no  sign  of  passivity  until  a  current 
density  of  3*14  amperes  per  square  centimetre. 

2.  Sodium  bicarbonate,  half  normal.    Plates  as  before.    Traces  of 

•  O.  \V.  Brown,  Transactions  of  iht  American  Electrochemical  Society,  vol.  4,  p.  81, 
1905. 

+  A.  Brochet,  Comptcs  Rendus,  vol.  145,  p.  627,  1907. 

\  Transactions  of  the  Faraday  Society^  vol.  I,  p.  237,  1905. 
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passivity  at  0*00213,  0*00674,  and  0*0254  current  densities.    At  0*339  a 
more  marked  passivity. 

3.  Sodium  nitrate,  half  normal.  Plates  as  before.  The  iron  easily 
dissolves  imtil  a  current  density  of  3*5  is  reached,  when  a  strong  film 
formed  at  the  anode. 

4.  The  effect  of  limiting  the  space  about  one  of  the  electrodes  was 
tried.  One  electrode  was  placed  within  a  small  porous  pot.  The 
other  electrode  was  placed  in  a  large  outside  vessel. 

Potassium  carbonate  (10  per  cent.),  with  limited  anode  space.  Indi- 
cations of  passivity  at  0*00054,  0*00215,  and  0*00645,  which  were  more 
marked  at  0*060  and  0*086.  At  a  much  higher  current  density  of  2*24 
the  following  observations  were  recorded : — 

Table  I. 


Cuncnt, 
AiupcfU. 


14*0 

!        «4'o 

I        14-0 
115 

'  2*0 


VolU. 


40-90 

30-110 

70 
160 

220 


Temperature, 
opC. 


384 
41 


46 
48 


Remark!. 


(Strong  passivity  volts  vary 
from  40-90. 

{Intermittent  film  on  anode, 
becoming  finally  steady. 

Fairly  constant. 

Fairly  constant. 

TGood  film  for  k  min.,  and 
<  then  the  cathode  burnt 
(     up  with  a  bright  light. 


5.  Sodium  nitrate  (10  per  cent.),  with  limited  cathode  space.  The 
volts  were  gradually  increased  from  0013  to  0*73,  when  a  passive  stage 
was  reached,  which  was  fairly  constant  with  a  current  density  of  0*0045 
and  i&  C.  On  continuing  to  raise  the  voltage  gradually  the  current 
floctoations  were  very  marked.  Just  before  each  current  rush  a  cloud 
of  gas  appeared  at  the  anode.  The  film  then  cleared  off,  but  was 
re-formed  at  a  higher  voltage.  These  effects  were  often  repeated  up 
to  a  current  density  of  0*0134,  ^^^  voltage  being  18*2  and  the  temf>cra- 
Care  23**  C.    At  this  point  the  anode  was  quite  bright  and  clean. 

6.  Sodium  nitrate  (10  per  cent.),  with  limited  anode  space.  In  the 
previous  experiment,  the  anode  being  surrounded  by  a  large  quantity 
of  electrolyte,  there  was  opportunity  for  the  products  of  the  anodic 
reaction  to  dissolve  off  or  diffuse  from  the  anode,  l>ut  in  the  experiment 
ix>w  to  be  descrit>ed  much  more  regular  action  may  be  expected. 
This  was  found  to  t>e  the  case.  The  volts  were  gradually  increased 
from  oms  with  a  corresponding  increase  of  the  dbrrent  until  0*40  was 
reached.  A  variable  stage  was  then  reached  when  a  strong  passive 
stage  was  produced  with  a  curre^it  density  of  0003  at  17^ C 
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7.  In  later  observations  the  potential  of  each  electrode  has 
been  measured.  Experiments  have  also  been  made  with  sand,  etc., 
moistened  with  electrolytes. 

V. — Applications  of  Anodic  Corrosion. 

Anodic  corrosion  furnishes  convenient  methods  for  the  preparation 
of  plating  solutions  and  insoluble  oxides  and  compounds.  The  anodic 
stripping  of  tinned  iron  is  now  an  established  industry.*  Electrolysis 
may  be  employed  for  the  drilling  of  holes  in  hard  steel  plates.f  Efforts 
are  being  made  for  the  application  of  anodic  etching  in  the  printing, 
photographic  processes.  J 

In  this  last  direction  a  number  of  experiments  have  been  made  with  the 
view  of  replacing  the  acid  etching  of  zinc  plates  by  electrolysis.  When 
the  depth  of  etching  that  is  required  is  small  the  process  is  successful, 
but  on  the  other  hand,  when  the  time  (for  press  purposes)  must  be 
limited  many  difficulties  are  encountered.  To  etch  a  depth  of  ro^h 
of  an  inch  in  25  minutes  requires  a  high  current  density,  and  means 
must  be  taken  to  remove  the  bubbles  of  gas  from  the  surface  ;  then, 
again,  the  temperature  must  not  be  allowed  to  rise  sufficiently  high  to 
injure  the  ink  employed  in  making  the  drawing.  It  will  be  an  advan- 
tage to  the  workman  to  replace  the  nitric  acid  at  present  used  for  a 
neutral  salt,  such  as  zinc  sulphate. 

VI.— Applications  of  the  Cathode  Effects. 

When  solutions  of  alkalies  and  their  salts  are  used  as  electrolytes 
with  iron  cathodes,  the  effect  of  the  liberated  hydrogen  will  be  to 
reduce  any  oxide  films  and  leave  the  surface  clean  ;  beyond  this  there 
will  be  no  further  attack,  for  the  alkaline  solutions  have  no  power  of 
rusting  iron.  These  facts  may  be  utilised  for  the  cleaning  of  iron  and 
steel  articles  and  for  the  prevention  of  corrosion. 

EUcirolytk  Cleaning, — This  method  is  coming  into  favour  and  is  now 
often  used  instead  of  acid  pickles.§ 

We  have  found  that  the  following  process  gives  very  successful 
results  :  A  10  per  cent,  solution  of  caustic  soda  is  placed  in  a  large  iron 
vessel,  and  a  sheet  of  good  soft  iron  is  bent  '\x\  a  circular  shape  so  as  to 
lit  closely  to  the  sides  of  the  vessel.  This  is  used  as  the  anode.  The 
solution  is  heated  to  boiling,  and  the  iron  to  be  cleaned  is  attached  to 
the  negative  pole  and  immersed  in  the  solution.  Thus  in  one  test  a 
sheet  of  iron  of  40  sq.  in.  total  surface  (that  was  covered  with  rust  and 
grease)  was  used  and  a  current  of  2  amperes  was  passed  for  5  minutes. 
On  removing  the  plate  it  was  found  that  most  of  the  rust  could  be 

•  See  H.  Mennicke,  Zeitschrifi  far  Electrochemie,  vol.  8,  p.  315,  1902;  Kershaw. 
Electrician^  vol.  58,  p.  638,  1907. 

+  Cowper-Coles,  Elec{fical  RexHew,  vol.  47,  p.  131,  1900. 

;  EkktroUchnische  Rundschau,  \'o\,  17,  p.  139,  1900  ;  German  Patents  815,675, 21,322, 
1904;  28,319,  1906.    J.  Rieder,  Zcitschrift  filr  Elektrochemie,  vol.  9,  p.  911,  1903. 

§  See  C.  F.  Burgess,  Electrical  World,  vol.  32,  p.  445,  1898  ;  H.  S,  Coleman,  Tran- 
sactiont  o  the  Faraday  Society,  vol,  3,  p.  53,  1906, 
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removed  by  simple  washing,  and  the  application  of  a  brush  brought  the 
surface  at  once  bright 

Catkodic  Protection  of  Metals, — This  is  the  method  most  frequently 
recommended  to  protect  underground  ironwork  against  stray  currents. 
It  may  be  also  used  in  chemical  works  and  in  manufacturing  processes 
where  metal  is  brought  in  contact  with  corrosive  liquids. 

H.  S.  Anderson  and  J.  W.  Bennie  protect  the  metallic  screens  used 
in  mining  plant  against  the  action  of  acids  and  salts  by  making  them 
cathodes  against  a  carbon  or  other  suitable  anode.  They  are  then  able 
to  use  steel  wire  or  punched  steel  screens,  which  are  much  less  expen- 
sive than  those  made  of  brass  or  copper.  *  To  prevent  the  surface 
condenser  tubes  from  corrosion  at  the  Long  Island  power  station  of 
the  Pennsylvania  Railroad  Company  a  small  booster  is  used,  the  negative 
pde  of  which  is  connected  to  seven  points  in  each  condenser.f  J.  H. 
Schoenberger  and  G.  W.  Frazier  have  designed  a  method  for  protecting 
the  metal  sheathing  of  ships  by  making  it  a  cathode.  { 

VII.--S1MPLE  Galvanic  Couples. 

When  two  metals  are  in  contact  and  are  completely  immersed  in  an 
electrolyte  the  arrangement  constitutes  a  short-circuited  primary  cell, 
which  is  ideal  in  simplicity  from  a  constructional  point  of  view,  but 
electrically  it  is  of  great  complexity.  Thus,  to  take  an  example, 
suppose  that  we  place  two  equal  cylinders  of  lead  and  zinc  in  a 
solution  of  sulphuric  acid  without  any  connection  between  them, 
and  find  the  potential  difiFerence  to  be  077  volt.  If  wo  then 
connect  them  by  an  external  wire  and  measure  the  acting  voltage,  it 
will  now  be  much  lower  than  the  open  circuit  value,  for  hydrogen 
on  the  lead  will  produce  a  back-voltage  of,  say,  0*64,  and  will  give  a 
working  value  of  about  0*13.  Let  next  the  two  cylinders  be  placed 
with  their  curved  surfaces  in  contact  and  their  axes  parallel.  Let 
them  t>e  placed  upright  in  the  centre  of  a  large  cylindrical  vessel  con- 
taining dilute  sulphuric  acid.  The  zinc  will  begin  to  dissolve  and 
the  corrosion  will  be  particularly  rapid  along  the  boundaries  between 
the  two  metals. 

Let  E  be  the  efiFectivc  voltage  and  R  the  resistance  between  the 
cylinders  measured  between  the  curved  surfaces  and  the  electrolyte. 
The  value  of  R  will  depend  on  the  conductivity  k  of  the  electrolyte 
and  the  arrangement  of  the  stream  lines.  Denoting  a  quantity, 
depending  on  the  size  of  the  cylinders  and  on  that  of  the  con- 
taining vessel,  the  conductance  capacity  or  K,  we  have  for  the  current  C 
flowing — 

C  =  ik  K  E. 
But  by  Faraday's  law— 

M  =  C/z 


•  r.S.  Patents  ^^\^2  and  ft^yjO^  1905, 

♦  Rkitrtcian,  wl.  57,  p.  17a,  1906. 
\  U.S.  t\atcnt  13,674,  1907. 
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where  M  =s  grammes  of  zinc  arc  dissolved  in  time  /,  and  z  =  the  electro- 
chemical equivalent  of  the  zinc. 

Hence  the  velocity  U  of  the  solution  of  the  zinc  will  be — 

U==M//  =  C2  =  *K2E. 

This  formula,  then,  enables  the  reaction  velocity  to  be  determined,  for 
k  and  z  are  physical  constants,  E  can  be  obtained  experimentally,  and 
the  value  of  K  can  be  calculated.  The  task  of  finding  K  has  been 
kindly  undertaken  by  Mr.  S.  Butterworth.  His  results  are  given  in 
Appendix  A. 

To  take  the  example  of  the  case  of  the  two  cylinders  described 
above.  Let  the  whole  of  the  two  cylinders  be  insulated  from  the 
electrolyte,  excepting  the  two  outer  hemi-cylindrical  surfaces.  Then 
using  the  symbols  as  in  the  case  of  Fig.  22  (Appendix  A) — 


a  +  6  \  c,Ca  did,  y 


But  since  a^=ib,asszCi=^c,f  and  dssd^szd^,  then — 

K  =  a  (i/a  ^  id)  per  unit  length. 

If  the  cylinders  be  of  diameters  =1*15  cms.,  and  of  lengths  (/)  =  3*3  cms., 
and  are  placed  in  a  large  cylindrical  vessel  of  23-5  cms.  diameter,  then — 

a  =  o*575  cms.,    and    d  =  5-88  cms. 
Hence — 

K  =  /a(i/a  — i/rf)=2-98. 

If  the  electrolyte  be  5  per  cent,  sulphuric  acid,  then  k  =  0*209  at  18°  C, 
and  z  for  zinc  =  0*00034,  hence — 

U  =0*209  X  2*98  X  0-00034  X  E  =  0*000212  E  grammes  per  second. 

VIII.— The  Effective  Voltage. 

This  will  depend  on  the  nature  of  the  metals,  the  concentration  and 
the  nature  of  the  electrolyte  and  its  temperature,  and  on  the  action  of 
the  hydrogen  at  the  cathode.  This  last  effect  has  been  studied  by 
Caspari,  Tafel,  Law  and  Chapman,  and  Nutton  and  Law."^  The 
potential  of  the  hydrogen  at  the  cathode  surface  is  known  as  the 
Ueberspannung,  over-voltage,  and  super-tension.  It  depends,  among 
other  circumstances,  on  the  nature  of  the  metal  and  the  physical 
state  of  its  surface.  Over-voltage  plays  an  important  role  in  the  solu- 
tion of  metals.  Thus  the  reason  that  amalgamated  zinc  does  not 
dissolve  easily  in  acid  is  because  the  over- voltage  of  the  mercury 
renders  the  effective  voltage  practically  zero.  For  metals  which 
occlude  hydrogen  the  over-voltage  is  small,  hence  platinum  is  a  very 
effective  member  of  a  galvanic  couple. 

•  Caspari,  Zeitschrifl  fUr  Physik.  ChcmU,  vol.  30,  p.  89, 1899.  Caspari,  Zeitschrift  far 
EUctrochemit,  vol.  6,  p.  37,  1899.  Tafel,  Zeitschrifl  far  Physik,  Chemie,  vol.  50,  p.  712, 
1905.  Chapman  and  Law,  Atialyst,  vol.  31.  p.  5,  1906.  Law,  Transactions  of  the 
Faraday  Society,  vol.  3,  p.  73,  1906 ;  vol.  3,  p.  50,  1907. 
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Ifeasurements  of  the  over-voltage  that  have  hitherto  been  made 
do  not  apply  to  the  conditions  of  galvanic  couples.  The  anode  and 
cathode  compartments  have  l>een,  as  a  rule,  kept  separate,  and  so 
important  secondary  reactions  have  been  avoided.  A  separate  inves- 
tigation becomes  therefore  necessary. 

To  get  some  idea  of  the  value  of  the  working  pressure  the  following 
experiment  has  been  made  : — 

A  plate  of  iron  2  in.  x  6  in.  was  fixed  at  a  distance  of  about  i  in. 
from  a  plate  of  zinc  of  the  same  size  so  as  to  constitute  a  voltaic  cell 
in  a  normal  solution  of  sodium  chloride.  The  poles  were  connected 
with  various  resistances  and  the  P.D.  was  observed  from  time  to  timu 
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by  the  condenser  method.  The  internal  resistance  was  also  repeatedly 
measured  by  a  Kohlrausch  bridge.  From  the  observations  the  internal 
pressure  of  the  cell  was  calculated.  The  plotted  results  are  shown  in 
Fig.  I,  from  which  it  will  be  seen  that  the  pressure  falls  both  with  time 
and  with  decreasing  resistance.  An  approximate  value  for  the  short- 
circtttted  cell  was  found  by  plotting  the  E.M.F.  values  against  the 
csEtemal  resistance  and  continuing  the  Hue  backward  to  lind  the  value 
for  R ^  O.    This  was  found  to  be  0007,  as  shown  in  Fig.  2. 

The  use  of  methods  in  which  a  rotating  secohmmeter  commutator 
has  been  applied  to  obtain  the  open  circuit  voltage,  and  the  separate 
measurement  of  the  potentials  of  the  electrodes  confirm  the  conclusion 
that  the  E.M.F.  of  a  galvanic  couple  is  small.  Nevertheless  since  the 
electrical  resistance  of  the  galvanic  couple  may  t>c  also  small,  currents 
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of  sufificient  magnitude  will  be  produced  which  will  soon  bring  about 
the  corrosion  of  the  positive  member. 

To  return  to  the  example.    If  the  value  of  E  =  0006  be  assumed  as 
the  effective  voltage  between  zinc  and  lead,  then — 

U  =  0-0002I2  X  o*oo6  =  1*272  X  10-*  gramme  per  second 
^  4*6o  X  10""^  gramme  per  hour. 

Experimental  difficulties  so  far  have  prevented  a  good  confirmation  of 
this  number.  It  has  been  found  that  long-time  tests  are  essential,  and 
that  the  value  of  the  effective  voltage  must  be  constantly  measured 
and  great  care  taken  to  avoid  insulating  films. 
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The  influence  of  the  electrol3rte  when  in  movement  on  the  effective 
voltage  was  tested  in  the  case  of  zinc  and  iron  plates  immersed  in 
Manchester  water,  when  (a)  the  water  was  stationary,  and  (6)  when  the 
water  was  continuously  running  between  the  plates.  With  200  ohms 
in  the  circuit  after  25  minutes,  the  voltage  in  case  (a)  was  0*36,  in  case 
(6)  0758.  Hence  a  galvanic  couple  will  be  more  effective  when  the 
electrolyte  is  in  movement,  and  this  accords  with  practical  tests. 

IX. — Experiments  on  Galvanic  Couples. 
Many  experiments  have  been  made  to  test  the  actual  relative  rate  of  \ 
corrosion  in  the  case  of  galvanic  couples.    Two  examples  will  be  given.  > 
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A.  Strips  of  different  metals  were  arranged  in  couples  and  securely 
fastened  together  by  string.  Each  couple  was  then  immersed  in  a 
separate  bottle  containing  a  solution  of  lo  per  cent,  solution  of  common 
salt.  They  had  previously  been  weighed.  After  about  19  weeks  they 
were  removed  from  the  solutions  and  then  washed,  any  sltmc  being 
removed,  next  dried  and  weighed.  In  a  number  of  cases  single  metals 
were  placed  under  the  same  conditions  for  comparison.  Ten  cases  are 
quoted  below  : — 

Table  H. 


Experiment 

Metali. 

Days. 

Change  of  Weight. 

I 

sr 

131 

ft 

Grammes. 

004  gain 

1*26  loss 

2 

Ferrotype 
Copper 

131 

ft 

0*29  loss 
O'oi  gain 

3 

Copper 
Brass  Foil 

131 

o'02  loss 
0*15  loss 

4 

Copper 
Zinc 

124 

» 

0*09  gain 
0*12  loss 

5 

Copper 
Aluminium 

124 

o'oi  gain 
0*16  loss 

6 

Copper 
Sheet  Iron 

124 

0*02  gain 
025  loss 

7 

Nickel 
Sheet  Iron 

124 

002  gain 

0'20l0SS 

8 

Ferrotype  (alone) 

119 

004  loss 

9 

Brass  Foil       „ 

119 

o'oi  loss 

10 

Lead               „ 

119 

004  loss 

From  the  above  table  the  influence  of  the  more  positive  material  in 
protecting  a  more  valuable  metal  is  seen  in  experiments  2,  4,  and  6 ;  on 
the  other  hand,  the  influence  of  the  more  negative  material  in  causing 
corrosion  is  seen  in  experiments  i  and  5. 

B.  Experiment  with  Compound  Metal,— -Duplex  metals  are  now 
coming  into  use  so  as  to  unite  the  different  properties  of  two  metals, 
thus  steel  may  be  backed  with  copper.  When  such  metals  are  in 
contact  some  care  must  be  taken  to  protect  the  places  where  the  metals 
touch,  if  such  parts  are  also  liable  to  corrosive  attack.  The  experi- 
ment made  t>elow  was  performed  with  a  copper  and  iron  sample  that 
had  been  united  by  a  special  process. 

Vol.  4L  28 
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The  test-piece  is  shown  in  Fig.  3.  It  was  thoroughly  cleaned  and 
polished,  then  weighed  and  placed  in  07  per  cent,  of  sulphuric  acid 
solution  for  169  hours,  and  on  being  re-weighed  the  decrease  was 
1*835  grammes.  The  piece  was  now  cleaned  and  the  edges  well  covered 
with  a  stopping-off  varnish.  On  again  being  submitted  to  corrosion 
for  i69i  hours  the  loss  was  049  gramme.     Hence  we  have- 


Loss  by  corrosion  per 
sq.  in.  per  year 


Unprotected  Edges. 
Lb. 


00326 


Protected  Edges. 
Lb. 


o*oio6 


Ratio 
of  Corrosions. 


3:1 


-I*-- 


Hi 


X.— Effect  of  Oxide  Coatings. 

Iron  and  steel  are  electro-positive  to  the  oxides  of  iron.  Thus 
bright  steel  tested  against  the  same  kind  of  steel  rusted  in  the 
Manchester  atmosphere  during  24  hours  gave 
0*104  ^olt,  and  when  bicycle  chain  link  stamp- 
ings were  blued  by  heating  in  the  air  and  then 
tested  against  bright  steel  stampings,  the  P.D. 
was  0*196  volt.  The  thin  coating  of  magnetic 
oxide  formed  by  heating  or  by  special  pro- 
cesses is  a  good  protector  against  rust  as  long 
as  the  oxide  film  remains  unbroken,  but  if  it 
be  partly  removed  (and  in  some  cases  it  is 
very  brittle)  there  will  be  a  certainty  of  local 
corrosion.  This  effect  is  well  shown  by  a  cor- 
rosion test  in  Manchester  water  of  bright  steel 
against  an  imperfectly  blued  sample  of  the 
same  kind  of  steel.  The  former  lost  0*0173  lb. 
per  square  foot  per  annum,  whilst  the  latter 
lost  0*0332,  or  about  twice  as  much. 

Mill-scale  or  black  oxide  is  likely  to  pro- 
duce bad  cases  of  pitting.  W.  John  has 
described  the  evil  effect  of  a  single  particle  of 
black  oxide  on  a  steel  vessel.* 

The  importance  of  removing  scale  from 
new  ironwork  before  the  preliminary  painting  is  obvious. 

As  a  good  preservative  against  rust  a  firm  adherent  coating  of  oxide 
must  not  be  despised.  We  are  told  that  the  old  smiths  used  to  oil  their 
work  and  heat  it  over  a  smoky  fire  after  finishing,  and  thus  coat  it  to  a 
certain  extent  with  an  oxide  of  iron.  This  is  thought  to  account  for  the 
preservation  of  examples  of  ironwork  made  500  years  ago.f 

H.  L.  HoUis  gives  iron  a  non-corrosive  film  by  first  using  it  as  a 
cathode  in  caustic  alkali  solution,  and  when  sufficiently  clean  as  an 
anode.  The  oxidising  action  which  then  takes  place  forms  a  protective 
coating.    The  iron  is  now  dried  and  immersed  for  a  short  time  in  a 

•  Journal  of  the  Staffordshire  Iron  ami  SUd  Institute,  p.  150,  1884, 

t  Discussion  at  the  Staffordshire  Iron  and  Steel  Institute,  Feb.  3,  1894. 
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hath  of  palm-oil  heated  to  about  125°  C.    It  is  then  removed  and  rubbed 
with  bran  to  absorb  the  oil."^ 

XI. — Concentration  Cells. 

If  a  metal  be  immersed  in  a  liquid  so  that  its  lower  end  is  in  a 
solution  of  greater  concentration  than  that  surrounding  the  upper  end 
a  P.D.  results.  Its  value  can  be  calculated  by  the  method  of  Nernst, 
and  although  small  is  sufficient  to  cause  corrosion.  This  is  illustrated 
hv  the  test  detailed  below. 

Two  thin  rods  of  polished  steel  about  14  in.  long  were  placed  in  two 
separate  vessels,  No.  i  containing  a  solution  of  half -saturated  solution 
of  sodium  chloride,  and  No.  2,  which  was  half-filled,  with  a  saturated 
salt  solution,  on  which  water  was  carefully  poured  so  as  to  fill  the 
remainder  of  the  vessel.  After  about  150  hours  the  loss  of  weight  of 
the  rods  was  ascertained.  It  was  found  that  the  rod  in  No.  i  had  lost 
o-oi  gramme  and  was  slightly  corroded  near  the  top,  but  the  rod  in 
No.  2 — ^which  was  also  corroded  near  the  top — had  lost  0*025  gramme. 

Similar  effects  are  found  in  the  case  of  iron  structures  submerged  in 
tidal  rivers,  f 

XII.— Effect  of  Stress. 

T.  Andrews  has  investigated  the  effect  of  stress  in  causing  a  P.D.  in 
the  case  of  steels  and  found  the  unstrained  material  electro-positive. 
Jackson  has  shown  that  the  corrodibility  is  increased  practically 
according  to  the  amount  of  the  strain,  so  that  a  diagram  plotted  for 
stress-corrodibility  is  like  a  stress-strain  graph.  This  effect  is  thought 
to  explain  cases  of  grooving  of  bridge  members.  The  effect  of  stress  on 
potential  difference  has  been  recently  studied  by  Hambuechen  and 
others.^ 

XIII.— Corrosion  Produced  by  Galvanic  Couples, 

Many  examples  of  the  disastrous  effects  of  disregarding  the 
principle  that  the  more  positive  metal  is  attacked  are  brought  under 
notice  from  time  to  time.  Copper-bottomed  ships  have  been  the  cause 
of  legal  action,  as  at  Leghorn,  where  the  ships  and  vessels  lying 
in  the  harbour  were  found  to  be  materially  damaged  by  the  galvanic 
currents  set  up  from  the  copper  bottoms  of  the  yachts,  electrical 
connections  being  made  with  the  steel  vessels  through  the  ropes  and 
hawsers  which  were  used  to  make  them  fast  to  the  different  buoys. 
Damage  to  the  ships  being  proved,  the  copper-bottomed  vessels  had  to 
be  removed  from  the  harbour.  § 

The  Bancroft,  a  steel  practice  cruiser  of  the  U.S.  Naval  Academy, 
was   abnormally  corroded    owing   to    the    presence    of    the  SanUe, 

•VS.  PaUnt  827,802. 

t  T.  Aodrcwft,  Midland  Institute  of  Mining  and  Civil  Enginccn:  Ek^trkiam, 
»«L  ^  P-  533.  !*•<>».  and  /run,  Jan.  J3.  p.  71,  1H91. 

*  EspccGuiy  aec  W.  H.  \\'alker  and  C  Dill.  TranMi  lions  of  tkt  Amtnian  Mtrctn*' 
chemkat  &H.irlv,  vol.  11.  p.  155,  lyo?. 

I  EktitiO'i.HtmM  and  Metailurgnt,  vol.  3.  p.  345,  ujQ}. 
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a  coppered  wooden  vessel,  some  90  ft.  away — both  being  moored 
by  chains  to  a  single  anchor.* 

The  commission  of  engineers  appointed  to  investigate  the  cause  of 
the  failure  of  the  Tay  Bridge,  reported  that  when  cast  iron  and  wrought 
iron  were  connected  by  rivets  in  many  parts  of  the  same  structure, 
the  rivets  and  connecting  wrought-iron  work  had  corroded  by  local 
galvanic  currents.! 

An  examination  of  the  literature  relating  to  the  corrosion  of  boilers 
reveals  many  examples  of  the  injurious  effect  of  having  metals  in 
contact  between  which  there  is  potential  difference. 

XIV.—UsE  OF  Couples  in  Preventing  Corrosion. 

Sir  H.  Davy  endeavoured  to  protect  copper-sheathed  sea-going 
vessels  against  the  action  of  sea-water  by  using  strips  of  zinc  fastened 
to  the  copper.     The  experiment  failed  in  practice    owing   to   the 


Fig.  4. 

protected  copper  becoming  covered  with  seaweed  and  shell-fish, 
which  do  not  adhere  to  the  corroded  copper  surface. J 

The  method  has  been  adopted  in  recent  patents.  Thus  Uthemann  § 
protects  copper  surfaces  from  the  corroding  action  of  sea-water  by 
providing  the  surface  with  iron  strips  or  rods  placed  at  intervals  along 
it,  and  in  electrical  contact  with  the  copper,  the  rods  having  a  thickness 
of  xiiyth  part  of  the  surface  to  be  protected.  This  is  shown  applied 
to  a  copper  pipe  d  used  to  conduct  sea-water  (Fig.  4).  This  pipe  is 
provided  with  an  iron  helix /in  electrical  contact  with  the  inner  surface 
of  the  pipe.  An  electrolytic  action  takes  place  and  the  iron  is  oxidised, 
depositing  a  firmly  adhering  and  uniform  layer  of  oxide  of  iron. 
When  the  surface  is  flat  the  electro-positive  material  may  be  applied 
in  the  form  of  netting. 

It  is  well  recognised  that  the  corrosion  of  a  boiler  may  be  mitigated 
by  suspending  in  the  water  zinc  plates  in  metallic  connection  with  the 

*  "The  Care  of  Steel  Ships,"  by  P.  Hichborn,  Chief  Constructor  of  the  U.S.  Nax^y. 
Cassier's  Magazine,  vol.  8,  pp.  109-112,  1895. 

f  Proceedings  0/ the  Institution  o/Ciml  Engineers,  vol.  77,  p.  323  ;  vol.  82,  p.  281. 

I  For  an  interesting  account  of  the  investigation  commenced  in  1823,  see  "The 
Life  of  Sir  Humphry  Dav>'."  by  J.  A.  Paris,  vol.  2,  pp.  222-382,  1831. 

§  German  Patent  801,489. 
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boiler.  The  zinc  may  be  used  in  slabs  about  i  ft.  long,  6  in.  wide,  and 
I  in.  thick  in  the  proportion  of  one  slab  to  each  50  sq.  ft.  of  heating 
surface  in  the  case  of  marine  boilers. 

The  corrosion  of  sheet  metal  radiators  used  for  steam  and  hot-water 


(KHr 


Time  In  hour5. 
Fig.  5. 


heating  is  avoided  by  Kinnear  by  the  introduction  of  zinc.    Various 
forms  of  suspension  arrangements  are  shown  in  his  specifications.'^ 

Considerable  trouble   has    arisen    with    copper  or    Muntz  metal 
»arfaccs  used  as  tut>es  in  condensers.    When  zinc  is  used  a&  a  protector 
It  is  necessary  to  renew  the  zinc  frequently,  owing  to  its  liability  to 
•  U.S.  Patent  7S2AH*  >904' 
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disintegration.  According  to  a  recent  patent,  aluminium  is  said  to  do 
better  than  zinc,  presenting  always  a  clean  surface  and  being  less 
liable  to  disintegration.^*' 

It  may  be  stated  in  a  general  way  that  experience  has  established 
that  zinc  is  the  best  protector  of  iron,  hence  the  importance  of  the 
so-called  process  of  galvanising. 

Tin  is  an  inferior  metal  owing  to  its  nearness  to  iron  in  the  E.M.F. 
scries.  The  change  of  the  P.D.  of  tin  against  iron  in  Manchester  water 
is  shown  in  Fig.  5.  With  a  resistance  of  10,000  ohms  in  circuit  the  tin 
was  at  first  positive  but  soon  became  negative.  After  80  hours  the 
P.D.  was  0*09,  but  rose  to  0*42  on  breaking  the  circuit.  The  effect 
of  150  hours  was  to  bring  the  voltage  to  0*065. 

XV. — Multiple  Galvanic  Couples. 

In  1872  J.  H.  Gladstone  and  A.  Tribe  communicated  the  fact  to  the 
Royal  Society  that  zinc  on  which  an  electro-negative  metal  was  de- 
posited in  a  spongy  state  decomposes  water  at  the  ordinary  temperature. 
Since  copper  was  found  to  be  the  most  suitable  metal  to  associate  with 
zinc,  they  termed  the  arrangement  a  "  copper-zinc  couple,"  which  has 
been  of  great  service  in  chemical  research.!  It  was  subsequently 
found  that  effective  couples  could  be  prepared  by  using  mixtures  of 
zinc  filings  and  copper  powders.  J 

Their  experiments  confirm  the  conclusion  that  in  these  arrange- 
ments "  we  have  minute  pieces  of  metal  forming  myriads  of  currents 
in  which  the  resistance  of  the  binary  compound  is  reduced  to  a  mini- 
mum as  it  washes  the  very  points  of  contact  of  the  metals."  To  form 
a  good  couple  other  circumstances  beside  the  P.D.  of  its  elements 
must  be  taken  into  account.  It  is  essential  that  the  negative  material 
should  adhere  well  to  the  zinc,  and  if  heat  is  employed  to  form  the 
couple  there  must  be  no  alloying  of  the  metals. 

The  example  given  below  of  the  action  of  galvanic  couples  has 
been  obtained  for  me  by  Mr.  F.  S.  Sinnatt.  Powdered  zinc,  which  had 
been  put  through  a  mesh  of  20  to  the  inch,  was  treated  with  a  5  per 
cent,  solution  of  copper  sulphate  and  then  thoroughly  washed  free 
from  copper  dust.  The  dried  powder  was  employed  to  prepare 
hydrogen  by  dissolving  it  in  dilute  sulphuric  acid.  The  apparatus 
employed  consisted  of  a  litre  flask  placed  within  a  large  water  bath 
through  which  water  continually  flowed.  The  evolved  hydrogen  was 
collected  in  successive  100  c.c.  quantities  by  the  use  of  two  burettes, 
the  pressure  being  kept  constant  through  the  experiment  by  hand 
adjustment.  Three  different  strengths  of  acids  were  employed  :  (i) 
5  per  cent,  (2)  15  per  cent,  and  (3)  30  per  cent.  Eight  grammes  of 
copper-zinc  were  used  in  each  experiment,  which  were  dissolved  in 
500  c.c.  of  solution.  An  experiment  was  also  made  with  powdered 
zinc  alone  in  5  per  cent.  acid.    An  examination  of  the  curves  (Fig.  6) 

•  Mechanical  Engineer,  vol.  17.  p,  174,  1906. 

t  journal  of  ilie  Chemical  Society,  vol.  31,  p.  561,  1877. 

;  /frw/.,  vol.  35,  p.  567,  1879. 
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wUI  show  that  at  first  the  rate  of  evolution  rapidly  rises,  probably  owing 
to  the  back-pressure  taking  time  to  attain  its  maximum,  then  follows  a 
period  of  maximum  velocity,  which  is  followed  by  an  after-period  in 
which  the  rate  gets  gradually  less  as  the  little  batteries  shut  down. 
The  velocity  is  greater  as  the  percentage  of  acid  increases,  the  30  per 
cent,  especially  showing  a  very  high  velocity.    The  rate  of  the  solution 


of  the  zinc  powder,  which  was  of  fairly  pure  material,  is  about  tVth  of 
the  copper-zinc  couple  with  the  same  strength  of  acid.  The  com- 
parative maximum  rates  of  the  couples  in  the  three  strengths  of  acid  arc 
much  greater  than  the  relative  conductivities  of  the  three  solutions, 
their  order  l>eing  as  2  : 3  :  10  approximately,  whereas  the  order  of 
the  maximam  velocities  is  2:8-5:ir8.  Electrolytic  data  for  the 
complete  analysis  of  the  curves  are  not  yet  available. 


i4d  GfeE:  ELECTROLYTIC  CORkOSlON.         [irfarch  dlst, 

XVL— Self  or  Chemical  Corrosion. 

The  provisional  hypothesis  mentioned  in  the  introduction  to  this 
paper,  that  chemical  changes  are  electrolytic,  dates  back  from  the  time 
of  Davy,  but  in  spite  of  the  great  progress  of  physical  and  electro- 
chemistry since  his  time,  our  knowledge  of  the  mechanism  of  the 
processes  that  arc  involved  in  the  solution  of  metals  is  very  incomplete. 
The  familiar  example  of  the  solution  of  zinc  in  dilute  sulphuric  acid 
was  investigated  by  De  la  Rive  in  1830^*  who  measured  the  rate  of 
evolution  of  hydrogen  with  acids  of  different  strengths.  He  found 
that  the  rate  of  evolution  of  the  gas  was  greater  with  commercial  than 
with  redistilled  zinc,  but  by  the  addition  of  tin,  lead,  copper,  and  iron 
to  the  pure  zinc  the  rate  was  increased.  He  showed  that  with  acid  of 
maximum  electrical  conductivity  the  rate  was  also  a  maximum.  These 
experiments  point  to  the  existence  of  a  great  number  of  galvanic 
couples  with  an  E.M.F.  depending  on  the  metals  in  contact,  giving  a 
current  in  each  case  varying  with  the  conductivity  of  the  electrolyte. 
With  ordinary  commercial  zinc  the  rate  of  solution  is  found  to  differ 
much  with  samples  that  are  apparently  of  the  same  kind.  This  is 
attributed  to  the  irregular  distribution  of  the  lead  or  other  electro- 
negative metals  present  as  impurities.f  That  local  currents  are  the 
determining  factor  in  the  solution  of  metals  is  confirmed  by  the  work 
of  T.  Ericson  Auren  and  W.  Palmaer,J  yet  a  different  way  of  viewing 
the  matter  has  been  developed  in  recent  physical  chemistry  researches, 
the  velocity  reactions  in  heterogeneous  systems  being  deduced  from  a 
number  of  physical  conditions.  Thus  when  the  solvent  is  in  movement 
the  reaction  velocity  will  be  proportional  to  the  rate  of  movement  of 
the  gliding  liquid  and  will  depend  on  some  function  of  the  surface.  § 
Again,  it  must  be  admitted  that  the  velocity  of  reaction  in  the  case  of 
the  solution  of  metals  seems  in  some  cases  not  to  depend  on  the  con- 
ductivity of  the  solvent.  II  Leaving  future  investigations  to  furnish  a 
more  complete  explanation,  the  simple  electrolytic  hypothesis  seems  in 
accord  with  the  chief  facts  of  corrosion.  Hence  to  corrode  a  metal  we 
require  a  potential  difference  between  its  parts  and  a  suitable  electrolyte. 
The  P.D.  may  be  produced  either  by  a  physical  or  chemical  difference 
in  the  constituent  parts.  A  variation  in  the  crystalline  nature  of  the 
.particles  may,  for  example,  be  a  sufficient  cause  of  potential  difference, 
or  parts  may  be  amorphous  and  other  parts  crystalline.lT 

XVn. — ^The  Corrosion  of  Associated  Metals. 

If  an  electrode  consist  of  a  mechanical  mixture  of  metals  the 
potential  of  the  electrode  will  be  determined  by  the  most  positive  con- 
stituent.   For  instance,  a  mixture  of  copper  an(f  zinc  will  give  the 

•  Pogf^ndorJSTs  Annalen,  vol.  19,  p.  221,  1830. 

+  E.  Divers  and  T.  Shitmdzxx,  Journal  of  the  Chemical  Society,  vol.  47,  p.  597,  1885. 

i  Zeitschri/t  far  Physikalische  Chcmie,  vol.  39,  p.  I,  1902,  and  vol.  45,  p.  182,  1903. 

%  See  L.  Bniner  and  S.  Tolloczko,  Zeiischrift  far  Anor^anischie  Chemie,  voL  35, 
part  1,  p.  23,  1903  ;  E.  Brunner,  Zeiischrift  far  Physikalische  Chemie,  vol.  47,  p.  56,  1904. 

II  See  H.  Patten,  Jouuml  of  Physical  Chemistry,  vol.  7,  p.  153,  1903 ;  and  J.  H. 
Matthews,  Ibid.,  vol.  9,  p.  641,  1905. 

^  See  C.  E.  Fawsitt,  Proceedings  of  the  Royal  Society  of  Edinburgh,  vol.  26,  p.  2, 1905-6. 
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pressure  of  the  zinc,  and  this  holds  good  as  long  as  0*2  per  cent,  of  the 
zinc  is  present.* 

If  the  metals  form  a  solid  solution  then  the  alloy  is  found  to  be  less 
positive  than  the  most  positive  of  the  constituents,  and  may  even  be 
less  corrodible  than  either  of  them.  When  the  alloy  itself  corrodes 
the  more  positive  metal  is  likely  to  be  attacked  first.  Again,  the  metals 
may  form  a  chemical  compound  with  each  other,  and  when  corroded 
the  constituents  may  pass  into  solution  together.  These  general  prin- 
ciples explain  the  decay  of  alloys.  Thus  brass  when  exposed  to  the 
corrosion  of  sea- water  undergoes  "  de-zinkification."  Brass  has  a  duplex 
structure  consisting  of  two  constituents,  one  being  richer  in  zinc  than 
the  other,  and  Arnold  has  shown  that  the  final  effect  of  galvanic 
corrosion  is  for  both  to  lose  their  zinc.f  Interesting  examples  of  the 
aamc  action  are  recorded  by  Milton  and  Larke.  j 

An  important  example  is  furnished  by  Muntz's  metal  (an  alloy  of 
copper  and  zinc),  which  is  employed  as  a  sheathing  for  the  protection 
of  the  woodwork  of  sea-going  vessels  against  the  action  of  mollusca 
aod  algae.  Its  action  depends  upon  its  slow  solution  by  sea-water, 
aod  so  rendering  its  surface  poisonous  to  marine  growth.§  It  has 
been  shown  that  this  alloy  consists  of  two  kinds  of  crystals,  the  a  and 
fi.  The  percentage  of  zinc  in  the  latter  being  the  greater  they  arc 
positive  to  the  a  crystals.  They  accordingly  dissolve  and  leave  a  net- 
work of  a  crystals,  which  on  breaking  up  falls  into  the  solution  and 
di2>solves.^ 

The  method  of  anodic  corrosion  has  been  applied  in  an  interesting 
way  to  the  examination  of  the  alloys  of  copper  and  tin.  The  apparatus 
used  by  B.  E.  Curry  **  consisted  of  a  number  of  cells  in  series  with 
platinum  cathodes  and  bronze  test-pieces  as  anodes  which  were  kept  in 
rotation  during  the  test.  The  curves,  Figs.  7  and  8,  show  the  results 
in  the  case  of  a  7  per  cent,  solution  of  sodium  sulphate  and  a  7  per 
cent,  sodium  carbonate  solution.  The  e  bronzes  undergo  httle  change 
and  tend  to  become  passive.  The  results  of  electrolytic  corrosion 
seem  to  be  the  same  as  the  effect  of  ordinary  or  chemical  corrosion, 
but  whilst  the  electrolytic  method  can  be  appUed  in  a  few  hours,  tests 
of  ordinary  corrosion  require  many  weeks  or  months  to  obtain  a 
satisfactory  result.  Further  researches  are  required  before  we  can  be 
certain  that  a  complete  connection  can  l>c  assumed  l)etween  the  two 
methods. 

A  start  has  been  made  in  the  application  of  the  method  at  the 
School  of  Technology  to  allojrs  of  practical  importance. 

*  Laurie,  Jommat  o/tht  Chemical  Soddy,  vol.  53,  p.  104,  1888. 

*  Engineer,  vol.  85,  p.  363,  189S. 

*  t*rocetdiH^  of  the  Instihttion  qfCivil  En^meen,  voL  154.  p.  138,  1903. 
I  J.  A.  RbodJn,  Tramachpns  0/ ike  Faraday  Soctety,  vol.  i,  pi  127, 1907. 
;  Shcnhcrd^  Jourmat  0/ Phytkal  Ckemhiry,  vol.  8,  p.  411,  1904. 

%  A.  K.  Huntington,  TranuKhom  o/the  Faraday  Society,  vol.  1.  p.  134. 

**  TraHSiuUoHs  of  the  Anmkan  Eleitnxkemicat  Soculy,  v»l.  <>.  p.  173.  1906  ;  also 
A.  T.  Uocoln  on  **Thc  Electrolytic  Corrosion  ol  Brasseft,"  ibiii^  vol.  1 1,  p.  43.  1907  ; 
W.  a  Rowtaod,  **  Electrolytic  CorroMOn  of  Cu-Al  AUoyC  ycmrmat  of  Pkytual 
ikeniiUry,  vol  I  J,  p.  180.  l«/)8. 
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XVIII.—The  Corrosion  of  Iron  and  Steel. 

The  experiments  of  Grace  Calvert*  showed  that  for  the  rusting  of 
iron  three  things  are  essential :  oxygen,  water,  and  carbon  dioxide. 
All  three  are  essential.  Bright  iron  may  be  sealed  up  in  water  in  the 
presence  of  air  for  many  years,  but  admit  the  smallest  trace  of  carbon 
dioxide,  and  then  rusting  rapidly  proceeds.  The  ferrous  carbonate 
produced  is  oxidised  by  the  oxygen  to  form  ferric  hydrate  with  the 
liberation  of  carbon  dioxide,  which  latter  is  retained  in  solution  and 
attacks  a  fresh  portion  of  the  iron.  The  action  is  thus  cyclic,  and  a 
small  quantity  of  carbon  dioxide  will  create  a  large  quantity  of  rust. 
The  theory  has  received  recent  confirmation  by  the  experiments  of 
G.  T.  Moody,t  but  Dunstan,  Jowett,  and  Goulding  J  believe  that 
hydroxyl  is  the  effective  agent.  It  is  known  that  iron  will  not  rust  in 
an  alkaline  solution,  and  much  of  the  earlier  work  has  been  thrown  in 


t'lG.  7. 

doubt  by  the  use  of  glass  vessels  which  may  have  given  up  sufficient 
alkali  to  inhibit  rusting.  This  is  the  view  of  Walker,  Gederholm,  and 
Bent.§  They  found  that  when  Jena  glass  is  used  iron  will  rust  in  the 
presence  of  carbon  dioxide  free  water.  J.  N.  Friend  ||  also  finds  that 
oxygen  and  water  alone  will  rust  the  impurer  kinds  of  iron. 

There,  however,  can  be  little  doubt  that  the  carbon  dioxide  of  the 
air  is  an  important  factor  in  causing  rust.  Its  solution  in  water  will 
provide  the  necessary  electrolyte  to  give  a  current  with  the  aid  of  the 
anodic  and  cathodic  particles  in  the  iron.  The  presence  of  the  posi- 
tive and  negative  areas  may  be  revealed  by  the  use  of  a  solution 
containing  a  mixture  of  phenolpthalein  and  potassium  ferric)ranide. 
When  a  piece  of  bright  steel  is  placed  in  the  indicator  blue  and  red 
patches  and  zones  of  opposite  polarity  will  be  produced.lT    Where  the 

•  Memoirs  of  the  Manchester  Lit.  Phil.  Society^  vol.  5,  p.  104,  187 1. 
+  Jonrual  of  the  Chemical  Society y  vol.  89,  p.  720,  1906. 
J  Ibid.,  vol.  87,  p.  1548,  1905. 

§  Jourtial  of  the  American  Chemical  Society,  vol.  29,  p.  1251,  1907. 
II  Nature,  vol.  74.  p.  540,  1906. 

%  W.  H.  Walker  finds  that  it  is  a  good  plan  to  stiffen  the  combined  reagent  with 
gelatine  or  agar-agar  jelly. 
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iron  dissolves  a  blue  tint  is  seen,  and  at  the  cathode  parts  the  liberated 
alkali  produces  the  well-known  pink  reaction. 

In  revealing  the  polarity  differences  the  microscope  is  useful.  I  find 
that  when  a  highly  polished  piece  of  steel  is  etched  under  the  micro- 
scope, by  the  use  of  acid,  hydrogen  can  be  seen  escaping  in  the  form 
of  small  bubbles  from  the  electro-negative  areas.  There  seems  room 
to  extend  the  use  of  the  microscope  to  the  examination  of  the  corrosion 
conditions. 

The  corrosion  of  iron  by  atmospheric  influences  presents  an  im- 
portant difference  to  the  case  of  the  action  of  acids,  for  the  product  of 
corrosion  being  soluble,  the  salt  diffuses  away  when  the  metal  is  at 
rest,  or  is  removed  as  fast  as  it  is  formed  when  the  metal  is  washed  by 
a  moving  solution,  whereas  the  rust  remains  on  the  metal  and  creates  j« 
with  the  iron  a  galvanic  couple.     This  aspect  of  rusting  has  been  I 


Fig.  8. 


especially  dealt  with  by  Mugdan.*  When  once  a  speck  of  rust  is 
formed  at  a  centre  of  infection  the  corruption  continues  with  increas- 
ing rapidity,  and  is  aided  by  the  increasing  bulk  of  the  rust,  which 
will  help  to  retain  the  electrolyte. 

For  reasons  of  an  electro-chemical  kind  that  are  now  fairly  well 
understood,  solutions  of  soda  and  potash  and  the  carbonates  of  these 
metals,  and  in  a  less  degree  solutions  of  lime,  protect  iron  and  steel 
against  corrosion.  To  this  may  be  added  chromic  acid,  and  a  number 
of  other  compounds.  This  fact  deserves  to  be  better  known.  Steel 
may  be  preserved  from  rusting  for  any  length  of  time  when  placed 
in  a  solution  of  soda. 

The  presence  of  sulphur  dioxide  from  the  burning  of  coal  and  coal- 
gas  may  altogether  change  the  nature  of  the  decay  of  iron.  The 
sulphur  dioxide  is  readily  oxidised  in  the  presence  of  moisture  to 
sulphuric  acid,  which  will  dissolve  iron  to  form  ferrous  sulphate.    This 

*  Ztttsckri/l  far  Eltktrxxkemte^  vol.  q,  p.  443, 1903.  A.  S.  Cushnuui,  in  a  Bulletin  <>l 
the  U.&  Board  of  Agriculture,  has  also  developed  tlie  electro-chemical  theory  of  rustin|«  : 
TrauituUotu  0/  tki  Amerkan  EUctrochemical  Socttty,  vt>l.  i  J,  p.  403.  1907. 
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latter  will  then  be  oxidised  to  a  basic  ferric  sulphate,  which  is  an 
insoluble  brown  substance.  Ironwork  in  tunnels  on  railways  (not  yet 
electrified)  well  exhibits  the  power  of  sulphur  and  other  compounds  in 
causing  rapid  destruction.* 

We  are  indebted  to  a  number  of  engineers  who  have  made  long 
time  tests  on  the  corrosion  of  iron  and  steel.  From  the  mass  of 
evidence  published  the  task  of  arriving  at  any  definite  conclusions  as 
to  the  relative  corrodibility  of  the  different  grades  of  iron  and  steel  is 
one  of  difficulty.  Not  much  useful  purpose  would  be  served  by 
quoting  the  earlier  results  that  were  obtained  before  the  development 
of  the  science  of  metallography.  I  will  only  refer  to  some  of  the 
recent  work  which  supports  the  galvanic  theory  of  corrosion. 

The  Seventh  Report  of  the  Alloys  Research  Ck)mmittee  dealing 
with  steels  containing  nickel  and  manganese  confirms  the  views  of  the 
importance  of  structure  in  determining  corrosion.  It  was  found  that 
alloys  containing  fearlite  were  the  most  readily  attacked,  with  poly- 
hedral the  least  attacked,  whilst  those  with  martensite  were  intermediate 
in  their  corrodibility.  This  is  explained  by  the  P.D.'s  set  up  in  the 
complex  structure  of  the  pearhte,  whereas  the  polyhedral  materials  are 
more  homogeneous  and  less  liable  to  attack.  It  was  also  found  that  as 
the  percentage  of  nickel  was  increased  the  alloy  was  less  corrodible.f 
According  to  Dumas  nickel  steels  present  the  most  perfect  examples 
of  solid  solutions,  no  segregation  having  been  detected  by  the 
microscope.  J 

These  results  confirm  those  of  the  experimcijts  made  by  Diegel 
in  the  harbour  of  Kiel. 

Considerable  assistance  may  be  given  by  anodic  etching  to  the 
examination  of  the  structure  of  steel.  ].  O.  Arnold  has  found  that 
with  an  electrolyte  of  dilute  hydrochloric  acid,  and  using  an  anode  of 
supersaturated  steel  containing  1*47  per  cent,  of  carbon,  pearlite 
carbide  is  dissolved  but  cementite  is  little  acted  upon,  whereas  with  a 
saturated  steel  practically  the  whole  of  the  pearlite  is  unacted  upon.§ 

Generally  it  may  be  said  that  the  main  constituents  of  steel  can  be 
classified  into  electro-positive  and  electro- negative  groups,  and  the 
distinction  can  be  revealed  by  the  use  of  etching  reagents. || 

With  reference  to  wrought  iron,  all  experiments  confirm  that  the 
finer  its  quality  and  the  more  perfectly  uniform  Its  texture  the  slower 
and  the  more  regular  is  its  corrosion. 

XIX.— The  Corrosion  of  Lead. 

Lead  is  a  very  durable  metal  as  far  as  atmospheric  corrosion  is 
concerned,  but  its  liability  to  corrode  by  the  action  of  the  salts  in  soil, 
plaster,  ashes,  and  refuse,  etc.,  presents  problems  to  the  electrical 
engineer  which  cannot  be  lightly  regarded.     It  is  chiefly  with   the 

•  See  A.  H.  Sexton,  "The  Corrosion  and  Protection  of  Metals." 

t  Proce€tihif*s  0/  the  Insiilution  0/  Mechanical  Engineers,  pp.  851-1041,  1905. 

t  'Journal  of  the  Iron  ami  Steel  Institute,  vol.  68,  p.  255,  1905. 

§  Proceedings  0/  the  Institution  0/ Civil  Engineers,  vol.  123,  p.|l27,  I895. 

I|  Arnold  and  McWilliam,  Engineering,  vol.  80,  p.  422,  1905. 
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smaller  sizes  of  lead-covered  cables  that  the  trouble  is  noticeable. 
Many  examples  can  be  given  of  the  destructive  action  of  the  moisture 
of  walls  and  the  action  of  organic  acids  produced  by  decaying  matter.* 
Lead-covered  cables  are,  of  course,  especially  liable  to  mechanical 
injury,  and  probably  this  is  the  chief  cause  of  faults.  The  whole  sub- 
ject has  already  been  brought  under  the  notice  of  the  Institution  by 
Atkinson  and  Beaver,  and  they  conclude  that  "  extreme  care  is  necessary 
to  avoid  conditions  which  tend  to  produce  lead  faults,"  and  they  think 
'*  that  the  use  of  lead-covered  cables  on  large  networks  carrying  heavy 
currents  will  probably  be  limited  in  the  future."  f 
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Lead  being  electro-positive  to  copoer  and  brass  the  contact  of  the 
two  must  be  avoided.  The  same  applies  when  the  copper  is  tinned. 
The  use  of  solder  always  introduces  risks  if  a  suitable  electrolyte  is 
present,  hence  the  wisdom  of  the  electrical  instrument  maker  in 
forbidding  the  use  of  soldering  fluids  which  contain  metallic  salts. 
On  the  other  hand,  lead  is  electro-negative  to  iron,  and  should  not  be 
used  for  fixing  iron  in  stonework.  These  facts  are  well  known,  but 
they  arc  disregarded  only  too  frequently. 

Galvanic  action  has  t>een  set  up  between  lead  and  tinned  copper 
wires  in  the  presence  of  moisture,  causing  the  lead  coverings  to  be 

*  Sc«  D.  &  Munro,  Ekdrkal  Rniew,  wL  55,  p.  693.  1904, 

t  Ehtrlridan,  vol.  54,  p.  70J,  iqos,  Al»o  sec  "  Cables  :  The  Tsual  Causes  «jf  Trtmble 
and  Failure,"  by  C.  J.  Beaver,  paper  read  before  the  Electrical  Contractc»r»*  Asaocia* 
tMm.  October  24,  1905. 
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corroded  through  in  about  two  years.    In  this  case  the  lead  had  been 
applied  externally  directly  over  the  outer  conductor.* 

XX.— The  Corrosion  of  Aluminium. 

The  immunity  that  aluminium  has  from  corrosive  attack  by  the 
atmosphere  is  largely  due  to  the  remarkable  film  of  oxide  that  is  present 
on  its  surface  which  gives  it  some  of  the  properties  of  a  noble  metal. 
Under  the  action  of  a  burnisher  the  film  is  rubbed  off  the  surface,  and 
the  metal  is  raised  to  a  higher  polish  ;  "  the  instant  the  burnishing  tool 
leaves  a  given  point  on  the  surface  of  the  metal  a  film  of  oxide  forms, 
and,  as  it  were,  fixes  the  surface  of  the  metal  at  a  higher  degree  of 
polish.'*  t  The  film  when  intact  makes  the  metal  more  electro-negative 
than  it  should  be  and,  owing  to  the  ease  of  its  formation,  renders  it 
difficult  rightly  to  place  the  metal  in  the  electromotive  series. 

The  following  table  shows  its  probable  position  as  tested  against  a 
calomel  electrode  at  ordinary  temperatures  with  normal  solutions  \  : — 


Magnesium... 

-  1774 

Aluminium ... 

- 1-559 

Manganese... 

...        -1-358 

Zinc 

-ro53 

Cadmium    ... 

-0703 

Iron 

—  0*940  (approximate) 

Nickel 

-o-88o( 

) 

Tin 

...    <-o-47S 

Lead 

-0-431 

Hydrogen  ... 

-0-283 

Copper 

+  0*046 

Platinum    ... 

4- 0-580 

Oxygen 

+  0110 

Thus  the  position  of  aluminium  is  above  zinc,  but  it  will  be  found 
that  on  testing  the  P.D.  between  aluminium  and  zinc  in  sodium 
chloride  solution  that  zinc  is  the  more  positive  metal,  and  that  in 
a  galvanic  couple  of  the  two  metals  zinc  is  the  metal  to  be  corroded. 
I  have  made  some  interesting  observations  on  the  change  as  the  solu- 
tion is  heated.  The  P.D.  in  open  current  was  obtained  between  zinc 
and  an  aluminium  calorimeter  in  which  was  contained  a  normal 
solution  of  sodium  chloride  which  was  gradually  heated.  At  first 
the  zinc  was  the  positive  metal,  but  at  about  70°  C.  the  P.D.  changed 
sign,  as  shown  in  Fig.  9.  This  remarkable  change  is  explained  by 
the  action  of  hot  salt  solution  on  aluminium  and  zinc.  This  has  been 
studied  by  Watson  Smith. §  He  finds  that  aluminium  is  attacked  by 
hot  and  moderately  strong  solutions  of  sodium  chloride.  The  action, 
although  small  (157 14  grammes  of  aluminium  foil  only  lost  0*024  gramme 

•  Atkinson  and  Beaver,  Electrician,  vol.  54,  p.  702, 1905. 

t  W.  M.  Morrison,  journal  of  the  Institution  0/  Etectiiail  Engineers,  vol.  31,  p.  400, 
1902. 

J  Max  le  Blanc,  "  Electro-CIiemistry,"  p.  248,  1907. 

§  Journal  0/  the  Society  o/Chcniiial  Industry,  vol.  23,  p.  475,  1904. 
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in  four  days),  b  sufficient  to  cause  the  sotatioa  of  the  eiectro-negative 
film.  The  fihn,  oa  cooling  the  hqoid^  reforms.  It  is  interesting  that 
the  limit  of  temperature  between  the  formation  of  the  film  and  its  dis- 
appearance ts  so  dose.  Zinc  is  more  attacked  by  the  hot  salt  solution 
than  the  alomininm,  bat  the  product  of  the  reaction  is  non<adherent  to 
the  metaL  To  verify  that  the  chief  effect  of  change  was  at  the 
alnminimn  the  P.D.  of  each  electrode  w^  tested  by  the  use  of 
cadmiom  as  a  separate  or  standard  electrode.  Observations  were  also 
made  with  Manchester  tap  water.  The  change  of  the  P.D.  oo  heating 
and  then  cooling  is  shown  in  Fig.  io»  which  exhibits  a  peculiar  kind 
of  hysteresis. 

A  more  durable  film  can  be  formed  electrolytically  by  making  the 
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metal  an  anode  in  phosphate  solutions.  Aluminium  protected  in  this 
way  is  better  able  to  stand  the  action  of  hydrochloric  acid.  This  is 
shown  by  Fig.  iir  which  gives  the  rate  of  solution  of  aluminium  by 
measuring  the  rapidity  of  the  evolution  of  hydrogen  when  the  metal  is 
attacked  by  the  acid,  when  (Curve  I.)  no  film  has  been  formed,  and 
(Curve  11.)  when  the  metal  had  been  protected  by  a  film  formed  at 
12$  volts. 

In  spite  of  the  protective  film,  aluminium  remains  electro-positive 
to  iron  and  copper,  hence  its  contact  with  these  metals  must  be 
avoided.!     Since  it  is  difficult  to  solder  aluminium,  if  a  mechanical 

•  W.  R.  Mott,  E!fctr\xhmit<*ii  Indutlrr.  vol.  i,  p.  IJO,  1904- 
t  W.  II.  Murratio,  EUtin^utn,  \ol.  4«,  p.  3*>.  jy.  npi. 
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joint  is  made,  it  is  necessary  that  it  should  be  also  of  aluminium, 
otherwise  a  detrimental  electrolytic  action  may  be  expected.* 

When  aluminium  is  in  industrial  use  its  decay  may  be  slow  or  rapid, 
according  to  the  purity  of  the  metal.  This  has,  unfortunately,  been 
disregarded  in  a  number  of  tests,  and  has  led  to  the  Xinjust  condemna- 
tion of  the  metal ;  still  it  must  be  admitted  that  since  aluminium  may 
lose  its  protective  film,  the  advice  of  Moissan  (who  was  a  strong 
advocate  for  the  use  of  the  metal),  that  ''  chaque  application  de  ce 
metal  demande  une  etude  speciale,  longuc  et  delicate,"  is  wise.f 

I  have  not  been  able  to  get  much  real  information  on  the  durability 
of  bare  aluminium  transmission  lines.    }.  B.  C.  Kershaw  found  that  the 
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samples  tested  by  him  were  not  suitable  for  overhead  work  near  the 
coast.J  When  light  aluminium  alloys  are  used  the  presence  of  copper 
(say  2  per  cent.)  is  injurious  to  the  life  of  the  wire.§ 

Aluminium  paint  is  coming  largely  into  use.  As  it  will  stand 
a  high  temperature  it  is  useful  for  radiators,  etc.  For  the  ironwork 
of  laboratories  the  experience  at  the  Manchester  School  of  Tech- 
nology has  been  very  satisfactory.  The  main  matter  of  importance 
is  that  the  iron  should  be  well  cleaned  before  the  paint  is  applied. 

•  Electrical  Rniae  (N.Y.),  vol.  35,  p.  ^^,  1899  :  EUctrkal  Revitw  (London),  voL  45, 
p.  586, 1899. 

+  CompUs  Rauius,  vol.  128,  p.  900,  1899. 

t  '^ottmal  oftht  Institution  of  Electrical  Enginetrf^  vol.  30,  p.  353,  1901, 

g  Wilson,  ibid.,  vol,  31,  p.  322,  1902, 
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The  oxide  film  being  of  an  insulating  character,  aluminium  wire 
without  any  other  covering  may  be  used  for  winding  coils.*  The 
film  action  gives  us  the  rectifier,  the  condenser,  the  controller,  and 
the  lightning  protector. 

In  the  use  of  aluminium  for  the  building  of  boats,  it  is  essential  that 
only  metal  which  has  become  homogeneous  by  means  of  a  series  of 
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rc-roeltings  should  be  used.f  The  torpedo-boat  La  Foudre  quickly 
went  to  pieces  since  sufficient  care  had  not  been  taken  to  use  homo- 
geneous metal. 

It  is  still  more  important  to  avoid  the  contact  of  other  metals. 
The  freetx>ard  plates  of  the  Defender  were  made  of  a  nickel-aluminium 

*  Ekktriuh€  Bakncn  und  Bdritbt,  vol  4,  p.  635,  1900 ;  and  Ehcinctam,  vol.  58, 
p.  3t7.  1906. 

t  llinet't  **  Production  of  Aluminium  and  iU  Industrial  Uk/  p.  igi>.  1905. 

Vol.  41.  39 
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alloy  and  were  fastened  with  steel  rivets  to  the  manganese-bronze  hull 
and  were  badly  corroded.* 

The  eighth  report  of  the  Alloys  Research  Committee  of  the  Institution 
of  Mechanical  Engineers  shows  that  rich  copper  alimiinium  alloys  do 
not  corrode  when  in  conjunction  with  mild  steel  in  sea-water.  To  con- 
firm this  by  potential  difference  tests,  Professor  H.  C.  H.  Carpenter 
kindly  lent  me  a  series  of  alloys  that  had  been  used  in  the  research.  It 
was  found  that  although  the  percentage  of  aluminium  varied  from 
o'2  to  13  per  cent.,  there  was  little  potential  difference  between  them 
when  tested  in  various  liquids,  with  10,000  ohms  in  circuit.  Tests  with 
one  containing  13  per  cent,  aluminium  are  shown  in  Fig.  12,  which 
show: 

(i)  That  steel  is  electro-positive  against  the  alloy  in  sea- water. 

At  the  end  of  60  hours  the  P.D.  was  0*25  volt 
(2)  and  (3)  That  steel  is  electro- negative    to  alloy  in  normal 

caustic  soda  or  potash,  the  P.D.  being  about  002  volt. 

XXI. — Electrolysis  due  to  Stray  Currents. 

To  those  who  have  watched  the  progress  of  the  use  of  the  un- 
insulated returns  for  traction  purposes  the  word  "electrolysis"  is 
reminiscent  of  many  a  controversy  in  which  the  opponents  of  electrical 
engineers  have  been  those  in  charge  of  cerUin  vested  interests. 
Fortunately  the  delay  in  establishing  electrical  traction  in  this  country 
under  wise  conditions  enables  one  to  say  that  our  gas  and  water  pipes, 
as  well  as  our  telephone,  telegraph,  electric  light,  and  traction  cables 
are  depreciated  little,  if  at  all,  by  stray  currents.  Happy  is  the  land 
where  the  bonds  are  good,  the  positive  and  negative  feeders  rightly 
calculated,  and  all  is  under  the  watchful  care  of  a  paternal  Board  of 
Trade.  This  is  not  the  country  where  one  can  study  electrolysis  due 
to  stray  currents.  The  voltmeter  and  the  coulombmeter  must  be  taken 
to  the  United  States  or  to  Germany,  where  there  will  be  readings 
worth  the  taking. 

Reports  of  electrolytic  injury  to  pipes  come  from  all  parts  of  the  ,  4^ 
United  States.!    S.  Sheldon  has  given  before  the  American  Institute  of  1 
Electrical  Engineers  some  interesting  information  regarding  Brooklyn,  \ 
where  the  P.D.  between  the  rails  and  hydrants,  and  the  rails  and  gas 
mains,  may  be  as  high  as  25  volts.    Between  the  ends  of  Brooklyn 
Bridge  a  difference  of  20  volts  has  been  recorded.^     Gas  services  and 
water-service  pipes  have  been  extensively  corroded.    Cast-iron  mains, 
on  the  other  hand,  have  been  to  a  large  extent  immune  owing  to  their 
siliceous  coating.     It  is  mainly  at  the  joints  that  trouble  is  found. 
Measurements  made  by  L.  T.  Blake  §    upon  a  line  of  6-in.  cast-iron 
water  mains,  which  had  been  in  service  for  thirteen  years,  in  the  case  of 

•  J  A.  Steinmetz,  Transactions  0/ the  American  Electrochemical  Society,  vol.  3,  p.  217, 
1903- 

t  D.  H.  Maury,  Paper  read  before  the  American  Water  Works  'Association. 
Abstract  in  Electricuin,  vol.  45,  p.  812,  191X). 

{  Electrical  Revieu\  vol.  47,  p.  206,  1900.  §  Electrician,  vol.  44,  p.  339.  1899. 
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a  len^  of  339  ft.  having  nineteen  joints  gave  a  resistance  of  the  joints 
as  88*2  per  cent  of  the  total  resistance  of  the  pipe.  Electrolytic  pittings 
were  found  on  many  sections  near  the  joints,  but  only  on  the  positive 
where  the  stray  current  was  shunted  round  the  joint.  The  asphaltum 
coating  of  the  pipe  is  not  a  sufficient  protection,  for  under  the  coating 
— although  apparently  intact — pittings  are  fou'id. 

C.  E.  Phelps^  records  that  20  per  cent,  of  the  whole  faults  in  under- 
ground cables  at  Baltimore  during  seven  years  were  due  to  electrolytic 
action. 

With  reference  to  Germany,  the  work  of  the  Deutscher  Verein  von 
Gas  and  Wasserf achmannem  has  given  us  exact  information.  Table  III. 
on  the  next  page  includes  some  of  the  electrical  measurements. f 

Tkking  H.  P.  Parshall's  statement  I  that  owing  to  the  great  surface 
of  the  track  and  the  good  conductivity  of  the  earth  about  one-third 
of  the  return  current  passes  through  the  earth,  the  question  must  l>c 
asked  what  proportion  of  this  do  neighbouring  pipes  carry.  The 
experimental  answer  is  that  as  a  rule  such  conductors  carry  little 
or  no  current  when  the  line  is  worked  under  Board  of  Trade 
conditions.  The  smallness  of  this  current  through  cast-iron  pipes 
has  been  verified  by  Claude.§  The  current  through  the  pipe  is  not 
only  small,  but  only  a  small  proportion  of  it  causes  electrolytic  effect 
Herrick  ||  shows  that  the  corrosion  of  iron  only  reached  3*5  per  cent. 
of  the  theoretical  loss.  The  researches  of  the  German  investigators 
have  thrown  light  on  the  reason  of  these  small  losses.  The  details  will 
be  found  in  two  important  papers  by  Haber,1T  first  in  conjunction  with 
Goldschmidt  and  then  with  Liese.  Great  importance  is  attached 
to  whether  the  iron  is  active  or  passive,  the  corrosion  of.  the  iron  being 
general  represented  by  (i  —  x)  1*024  grammes  per  hour.  When  *  =  o, 
then  the  iron  is  completely  active,  but  when  xss  i  we  have  total 
passivity. 

The  change  from  the  active  to  the  passive  state  (as  shown  by 
the  experiments  descrit>ed  in  this  paper)  depends  on  the  current 
density  and  the  nature  of  the  salts  in  the  soil,  the  most  important 
being  the  nitrates.  Iron  in  an  alkaline  carbonate  becomes  passive,  but 
in  the  presence  of  free  carbonic  acid  it  is  attacked ;  on  the  other  hand, 
the  chlorides  are  always  likely  to  produce  corrosion.  Generally  it  is 
found  that  the  earth  conducts  electrolytically  and  not  metallically, 
and  its  specific  conductivity  can  be  calculated  from  the  concentra- 
tion of  the  salt  solution  present  in  the  soil.  When  the  iron  is  active 
electrolysis  is  produced  with  just  sufficient  voltage  to  overcome  the 
hydrogen  at  the  cathode,  but  since  the  air  of  soils  acts  as  a  depolariser, 
this  voltage  will  be  smalL  Finally  it  is  decided  that  a  F.D.  of  1  volt 
will  not,  as  a  rule,  be  harmful. 

•  EUclrkiau,  voL  59,  p.  5x4,  1907. 

I  EUcifician,  vol.  55,  p.  736,  1905,  and  voL  57,  p.  533,  igo6. 

I  Jommal^tke  InsiituUcn  o/EUctrHoi  Ktigimttix  vol.  17,  p.  4401,  i8g8. 

I  ingimmimi,  vol.  71.  p.  6fo,  1901. 

U^Strtti  Raiiway  ^ommal,  vol.  16.  p.  396,  May.  1900. 

%  ItiUckrifl /QrEUcirockimH^  voL  i  a,  pp.  49  and  8*9,  1906k 


452 


GEE:   ELECTROLYTIC  CORROSION.  [March  81st, 


Q 

< 


< 


u 

OS 

D 

b) 

o 


I 


CO 

e2 


5 

i 

II 

«  Jo 

^1 

1 

Is 

P     0                                              -JL^ 

00  do 
||-«K«deJAvbvb 

P.D.  be- 
tween Re- 
turnCon- 
doctors. 

11 

99 

g  g  b  «  V«  tn-*^  O 

5^ 

s£ 


r^tOMOOao    roy>p 
VV 


8. 

a 


Q 

Q 


if 

.2 


t^ 

SSI  lS2^ 

WW 

foK 

SI 

??b??-^" 

V        " 

p  to 

II 

1  1  1  r^.'^p  f 

noo 

b^^ 

tnsp   I  fo  fo^p  p  p  p  f 
foin  I   M  io«ooO  meo 


^1 


k5 


,   ,   ,  woo  o^o  o  y^ ff* 
I   I   I  w  tf^ «  b  Koo  ♦ 


oaoaoOf4«A    r<    oo  v) 
VMbb««    M    b« 


v)(>t«p  ooo  «n  p  p*p 
«io»^««Jo«    Mvo 


««p  ^p  "o  I  y^r*  y^P 
«i  M  b  -  «^  I  ««•-  «  *« 


a  —  00  '^«  op  I  p  .-J-  p  vp 


llllltt 


:2q 


I  ro  ^«c<o  «^     00  ^ 


1908]  GEE :  ELECTROLYTIC  CORROSION.  468 

A  serioas  aspect  of  electrolysis  due  to  stray  currents  is  the  possi- 
bility of  causing  the  solution  of  lead  in  drinking  water.  A  case  of 
^"Plurabism  due  to  Electrolysis"  is  said  to  have  taken  place  in  the 
district  of  the  South  Hants  Waterworks  Company,  and  is  discussed  by 
B.  Latham,^  a  diHerencc  of  1*8  volts  between  an  earth  return  and  a  lead 
water  pipe  being  the  possible  cause  of  the  trouble.  This  conclusion 
b  doubted  by  A.  H.  Dykes.f 

Fortunately  such  cases  are  very  rare,  and  a  little  consideration  will 
show  that  the  conditions  for  electrolysis  to  produce  corrosion  within 
a  pipe  must  be  altogether  exceptional.  If  this  arises  it  must  be  at  the 
jotots.  If  these  are  made  in  a  lead  pipe  the  resistance  should  be  low. 
To  confirm  this  three  wiped  joints  were  made  in  a  length  of  5  ft.  of  pipe.* 
Using  the  fall  of  pressure  method  to  find  the  resistance  of  the  jointed 
pipe  and  a  pipe  of  the  same  kind  which  had  not  been  jointed  the 
following  results  have  been  obtained  : — 

External  diameter  of  pipe  ^  0*825  in. 
Inside  diameter  of  pipe      =s  0*500  in. 

Currents  of  0*9  to  12-6  amperes  were  passed  through  the  un jointed 
pipe  and  voltage  drop  was  taken  over  5  ft.  length. 

Average  resistances  V42  x  lo-^  ohms. 

Measurements  of  the  same  kind  taken  with  the  jointed  pipe  gave 

average  resistance  as  1*37  x  lo-^  ohms. 
Lowering  of  the  resistance  due  to  the  joints,  0*05  x  lO"'  ohms. 
The  specific  resistance  of  the  plain  pipe  was  0*204  x  io~^  ohms 

per  cm.  cube. 

It  is  thus  seen  that  the  plumber*s  joint  when  well  made  lowers 
the  resistance  of  the  pipe. 

It  is  sometimes  imagined  that  electricity  passing  through  the  pipe 
can  also  pass  through  the  contained  water.    This  is  very  improbable. 

Take  the  case  of  the  above  pipe  filled  with  a  solution  as  good  an 
electrical  conductor  as  a  5  per  cent,  salt  solution,  then  the  resistance  of 
the  liquid  filling  the  pipe  will  t>e  1,830  ohms.  If,  then,  a  current  of 
I  ampere  divides  between  the  pipe  and  the  water  for  twelve  hours, 
it  may  be  calculated  that  0*0000337  gramme  of  lead  will  t>e  dissolved. 

Where  cases  of  plumbism  are  announced  as  due  to  electrolysis,  the 
plumbo-solvency  of  the  water  should  be  directly  tested.  Certain  inciters 
from  moorland  sources  are  especially  open  to  suspicion.  A.  C.  Houston 
has  shown  that  such  waters  may  be  acid  and  then  have  the  power  of 
dissolving  lead.[ 

•  Eitctrkian,  \o\.  56,  p.  398,  IQ05-6. 

f  /Wrf.,  voL  56»  p.  5J5,  1906. 

\  Report  o£  the  Local  Government  Board,  I 8q3^  Supplement  containing  the  report 
on  the  ouaci  of  lead  poisoning.  The  corrouon  01  lead  has  alio  been  tttidied  by  Paul, 
Ohlmiiller,  Heine,  and  Aubertnch.  Ztitxkrifl  fQr  Bkktwchtmie,  vol  13.  p.  428,  iqoj. 
Alvo  tee  Camelley  and  Frew.  FJtclrkian,  vol.  21.  p.  583.  188M.  Professor  I.  Kadcllffc 
informs  me  that  the  eroding  actkm  oi  water  pasting  through  pipes,  especially  when  the 
velocity  is  high,  is  receiving  the  attention  of  sanitar>'  engmcenu  The  scouring  action 
may  remit  in  the  loosening  <if  deposits  of  lead  compounds  formed  within  the  pipe. 
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Some  alarmist  statements  have  been  made  by  Tweedy  and  Dudgeon  * 
on  the  destruction  that  is  taking  place  in  the  overhead  equipment  of 
tramways.  Through  the  combined  e£Eects  of  chemical  corrosion,  local 
action,  and  direct  electrolysis,  a  very  short  life  is  predicted  for  over- 
head work.  ^  am  unable  to  verify  that  these  troubles  are  so  bad  as  is 
represented.  Of  course,  all  exposed  metal  work  in  a  town  atmosphere 
is  liable  to  decay,  and  constant  inspection  followed  by  renewals  is 
necessary,  especially  in  the  parts  of  the  town  where  chemical  works 
are  situated.  \f  uch  may  be  done  in  the  way  of  preservation  by  the  use 
of  protective  coatings.  Eternal  vigilance  is  essential  with  all  town  metal 
work.  As  to  the  alleged  electrolysis,  if  we  take  the  leakage  current 
*  across  a  span  wire  as  ixAnrth  of  an  ampere,  which  may  be  considered  a 
limiting  estimate  for  Manchester,  with  its  triple  insulation,  then  the 
corrosion  of  iron  or  copper  will  be  per  month  less  than  i  gramme,  which 
nevertheless  should  cause  noticeable  pitting.  This  supposes  that  the 
whole  of  the  current  passes  from  bare  metal  to  an  insulating  surface 
covered  with  moisture,  due  to  very  frequent  rain,  and  that  the  leakage 
is  continuous.  As  a  rule  the  leakage  current  will  be  about  Toixroth 
of  an  ampere. 

Electrolytic  Sutveys, 

I  am  informed  by  Mr.  A.  Watts  that  about  five  years  ago  he  under- 
took a  series  of  tests  for  the  National  Telephone  Company  at  Liverp)ool, 
Dundee,  Sheffield,  Leeds,  Bradford,  and  Hull,  but  found  no  evidence 
of  sufficient  potential  differences  due  to  stray  currents  likely  to  cause 
electrolytic  trouble. 

The  engineers  of  the  Postal  Telegraphs  in  London  are  experiencing 
trouble  with  small  distribution  cables,  but  they  find  that  it  can  be 
guarded  against  by  the  use  of  petroleum  jelly  liberally  supplied  when 
drawing  in  lead-covered  cables.  Although  the  Board  of  Trade  con- 
ditions have  been  fulfilled,  when  the  cable  sheaths  have  been  cut  and 
an  ammeter  inserted,  readings  as  high  as  ^  of  an  ampere  have  been 
noticed.  Currents  have  also  been  found  on  the  sheathing  of  cables  on 
the  routes  of  conduit  system  tramways  with  an  insulated  return.  In  a 
recent  case,  when  a  cable  was  damaged,  a  current  of  about  30  millt- 
amperes  was  leaving  the  cable  in  the  damaged  section  of  the  pipe. 
The  local  electric  supply  was  alternating,  and  the  nearest  tramway  (on 
the  conduit  system)  was  2  miles  distant.  There  were  no  works  in 
the  neighbourhood  to  account  for  the  direct  current  which  vvras 
measured.  Stray  currents  are  found  circulating  in  the  pipes  and 
cables  in  every  part  of  the  Metropolis.  The  above  particulars  have 
been  kindly  furnished  by  Mr.  E.  Gomersall  with  the  consent  of  Major 
G'Meara. 

An  official  electrolytic  survey  of  the  Metropolis  and  some  of  the 
larger  towns  would  be  of  great  interest,  and  would  help  to  decide 
the  question  whether  any  revision  of  the  Board  of  Trade  rules  is 
desirable  to  prevent  electrolytic  trouble  that  may  be  due  to  the 
combined  leakages  of  the  electrical  systems. 

•  Jourtial  of  the  Insiitution  of  Electrical  Engineers,  vol.  37,  p.  161,  igo6, 
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XXII.^Electrical    Endosuosb. 

An  electrical  current  exerts  a  certain  force  on  water  whether  in  the 
ionic  state  or  not.  This  action  is  made  manifest  in  the  case  of  moisture 
in  porous  materials  and  is  included  under  the  phenomena  of  clcctriaU 
cndasmose.  It  has  been  found  that  the  mass  of  the  water  transferred  is 
proportional  to  the  coulombs  that  pass  and  is  independent  of  the  area 
and  thickness  of  the  porous  substance.  The  endosmose  effect  is  a 
common  cause  of  faults  in  buried  conductors,  which  arc  usually  found 
at  the  negative  main.  On  the  negative  side  there  is  a  constant  strain 
on  the  insulation  tending  to  drive  water  through  the  insulation  to  the 
copper."^    When  the  water  gets  in,  electrolysis  of  the  alkaline  salts  that 


KiQ,  I3« 


arc  in  solution  takes  place,  and  alkalies  or  alkaline  metals  are  produced. 
An  interesting  example  is  detailed  by  H.  Bassett,  jun.f  A  l>ad  earth 
was  caused  on  a  negative  main  at  Liverpool.  The  cable  had  t>een 
jointed  at  the  faulty  place  and  around  it  was  found  a  hard  sut>stance 
that  contained  caustic  soda»and  potash,  and  a  liquid  alloy  of  potassium 
and  sodium.  The  free  metals  in  contact  with  water  liberate  hydrogen 
which,  when  mixed  with  air,  forms  an  explosive  mixture  that  may  have 
caused  some  of  the  mysterious  detonations  that  have  taken  place  in 
mains.  The  endosmose  trouble  will  be  aggravated  at  high  voltages 
and  may  prove  an  obstacle  in  high-pressure  direct-current  systems.  | 

•  F.  Fernlc,  EUctricUtn,  vol.  $7.  p.  1 15,  IQ06, 

t  Ibid.,  vol.  58,  p.  loci),  if>o7. 

5  L.  Andrcwt,  Joumnl  of  tkt  Insiilmliom  of  Elschical  Rnifinttns,  \-ol.  38,  p.  ^j8,  1007. 
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C  H.  Wordingham  has  noted  that  certain  makes  of  rubber  are  porous 
and  water  may  enter  and  eventually  destroy  the  whole  of  the  rubber  on 
the  negative  conductors.'^ 

Not  finding  much  experimental  evidence  on  the  effect  of  the  con- 
veyed water  on  the  resistance  of  concrete,  soils,  and  other  porous 
materials,  a  number  of  observations  have  been  made. 
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Experiments  with  Concrete  Duct,— The  3-way  duct  used  was  kindly 
provided  by  the  National  Telephone  Company.  Its  dimensions  are 
shown  in  Fig.  13.  It  was  placed  in  a  tray  containing  mercury,  and 
mercnry  was  also  placed  in  the  ducts,  being  retained  in  place  by  walls 
of  plaster  of  Paris.  The  resistance  between  C  and  D  was  measured  by 
the  alternating  current  method  of  Kohlrausch,  a  bridge  arranged  for 
the  purpose  by  Hartmann  and  Braun  being  used.  The  mean  resistance 
was  found  to  be  3*550  ohms.  A  voltage  of  no  was  now  applied,  and 
readings  of  the  current  by  a  milliammeter  were  taken  at  intervals  of 

*  BltKtrtcal  Engineer,  vtiiMmft,  pp.  Q3~g6,  1900. 
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time.  The  results  are  given  in  Table  IV.  and  are  plotted  In  Fig.  14 
The  polarity  was  some  time  afterwards  reversed  and  readings  given  in 
Table  V.,  which  are  plqtted  in  Fig.  15,  resulted.  Next  the  resistance 
was  measured  between  A  and  B.    This  was  6,600  ohms.    On  applying 


Table  IV. 


Volts. 

Current. 

Resistance. 

MilUamperct. 

Ohms. 

114 

140 

8,150 

114 

130 

8,770 

114 

I2'0 

9»5oo 

114 

"•5 

9»93o 

114 

II'O 

10,400 

114 

IO-8 

10,550 

114 

IO-6 

10,750 

114 

10-4 

10,960 

114 

IO*2 

11,180 

114 
114 

lo-o 
9*8 

II,JOO 

11,650 

114 

97 

11,770 

114 

3'5 

32,600 

Table  V. 


Time. 


Seconds. 


8 
10 
12 

\t 

20 
30 
40 
50 
60 

^ 

90 
100 
no 

120 
140 
170 
200 


Volts. 


112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 
112 


Current. 

Resistance.           1 

1 

Milllamperes. 

Ohms. 

15-0 

7,470 

IQ'O 

5,900 

2I-0 

5.340                1 

22'0 

5,100 

22-5 
232 

4,980                j 
4,830 

240 

4,670 

247 

4,540 

25-2 

4450 

25-8 

4,350 

270 
280 

4,150 

4,000 

287 

3,910 

29-3 

3,830                1 

299 

3,750                1 

303 

3700           ! 

30*9 

3,650 
3,580 

3i-3 

317 
322 

3,540 
3480 

327 

3430 

33-1 

3,390 

337 

3,330 
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the  direct  voltage  the  figures  in  Table  VI.  and  curve  Fig.  i6  resulted. 
In  the  above  cases,  the  duct  having  been  exposed  to  the  air  of  the 
laboratory  for  some  weeks,  the  concrete  was  fairly  dry. 

The  duct  was  then  soaked  for  two  days  in  water  and  the  resistance 
measured  by  the  Kohlrausch  method  from  time  to  time  for  about  four 
weeks.  Table  VII.  gives  the  result  of  the  drying  on  increasing  the 
resistance. 

The  length  of  the  duct  used  in  the  experiments  was  13  in.,  hence 
the  resistance  between  the  outside  and  inside  a  duct  will,  when  in  ^ 
wet  condition,  be  less  than  i  ohm  for  100  yards. 


Table  VI. 

Time. 

Amperes  x  lo— ». 

Time. 

Amperes  x  lo-  '. 

Miontes. 

1 

12       . 

2*40 

2-33 

2'30 

:            228            1 

Ulnule*. 
36 
40 

48 

2-15 
2-13 
2-13 

21 1 

16 
20 

i            227 
225 

2-22 

2'09 
208 
2X>8 

2-20 

S 

2'06 

32 

"■' 

2*02 

Table  VII. 

A    Between  Lower  Channel  and  Bottom. 
B    Between  Two  Upper  Channels. 


, 

Days. 

A  Ohms. 

B  Ohm<. 

0 

250 

785 

2 

335 

1,010 

4 

430 

1,300 

I 

474 
5*6 

1,390 
1.500 

27 

2,350 

8,060 

Experiments  with  Concentric  Electrodes. — The  duct  not  being 
adapted  for  measurements  on  specific  resistance,  experiments  were  now 
made  with  regular  shapes.  Concrete  was  cast  within  a  tinned  iron 
cylinder  provided  with  a  central  iron  cylinder  so  as  to  give  concentric 
electrodes.  Successive  measurements  by  the  A.C,  method  gave  35 
ohms.    Then  from  the  formula— 


P  = 


2ir/R 

2303  log  \ 
'^1 
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where  n  =  io*2  cms.,  r,  =  2  cms.,  /  =  7*4  cms.,  the  specific  resistance  is 
3,840  ohms  per  cm.  cube,  or  41*9  ohms  per  yard  cube. 

A  determination  made  in  the  same  way,  but  with  a  mixture  of  equal 
parts  of  concrete  and  fine  sand,  gJive  5,970  ohms  per  cm.  cubes 
65*5  ohms  per  yard  cube. 

Experiments  with  Concrete  Blocks, — In  order  to  test  the  influence  of 
different  electrodes  on  the  change  of  resistance  with  time,  a  block  was 
cast  of  equal  parts  of  concrete  and  fine  sand.  It  was  a  cube  of  3-in. 
§ide.  Two  plates  of  carbon  were  used  as  electrodes,  one  being  placed 
at  the  bottom  and  one  at  the  top.  As  good  a  contact  as  possible  was 
obtained  by  the  pressure  of  a  56-lb.  weight  placed  on  the  top.  On 
applying  1 10  volts  the  resistance  increased  in  the  same  manner  as  in  the 
previous  cases.  The  resistance  measured  by  the  A.C.  method  gave  a 
very  high  value  (1,164,000  ohms).  Mercury  electrodes  were  then  sub- 
stituted. The  block  was  placed  in  a  layer  of  mercury  and  an  upper 
electrode  also  of  mercury  was  used.  This  was  held  in  place  by 
cementing  paper  round  the  upper  edges  of  the  block.  The  resistance 
now  was  about  30,000  ohms.  The  experiment  shows  that  the  contact 
of  the  carbon  with  the  cement  was  very  imperfect.  The  specific 
resistance  calculated  from  the  last  figure  was  228,000  ohms  per  cm. 
cube,  or  2,500  ohms  per  3rard  cube.  * 

A  block  of  the  same  size,  but  made  of  pure  cement,  gave — 

Specific  resistance,  cm.  cube  =  158,000. 
Specific  resistance,  yard  cube  ==  1730. 

It  was  thought  desirable  that  in  further  experiments  on  concrete 
that  the  specifications  of  the  Standards  Committee  should  be  followed 
in  the  making  up  of  the  test  blocks.  Cement  and  sand  satisfying  the 
required  conditions  was  obtained  and  the  blocks  made  up  under  the 
supervision  of  Mr.  D.  Macgilp,  Chief  of  the  Works  Department  of 
the  School  of  Technology.* 

Four  bricks  were  made,  each  9  x  2^  x  3iin.  A,  of  standard 
cement  alone,  A,  of  3  parts  of  cement  and  i  part  of  sand.  These  were 
left  in  the  mould  for  five  days,  and  then  soaked  in  water  for  three 
weeks. 

B,  of  cement  alone,  B,  of  3  of  cement  and  i  of  sand  (all  by  weight). 
These  were  left  in  the  mould  for  six  days  and  then  soaked  in  water  for 
two  weeks. 

After  they  had  been  drying  for  about  fourteen  days  the  resistance 
was  very  high.  They  were  then  soaked  in  water  for  about  eighteen 
hours,  and  when  partially  dry  their  specific  resistances  were  obtained 
by  the  A.C.  method  and  with  mercury  electrodes.  The  results  are 
given  in  Table  VII. 

By  March  2nd  the  resistance  in  each  case  was  very  high — about 
60,000  ohms/yard  cube. 

A  large  cube  of  about  lo-in.  side  was  also  made  of  i  part  of  cement 

•  Engineering  Standards  Committee.  British  Standard  SpeciHcation  for  Portland 
Cement.     No.  i^  revised,  June,  1907. 
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Febniary  28lh. 
Ohms,Tartl  Cube. 

February  aoth. 
Ohms/VanlCube. 

1 

A. 

2oo*o  partially  dry 

277  drying  in  laboratory 

A. 

504*0  damp 

6,610          „              „ 

B, 

702     „ 

172 

B. 

7090     „ 

3»990 

by  volume,  and  5  parts  by  volume  of  an  aggregate  consisting  of  broken 
granite,  granite  dust,  and  standard  sand.  It  was  after  a  prolonged 
M)aking  in  water  and  when  it  was  still  dark  in  colour,  owing  to  the 
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presence  of  water,  the  measurements  were  commenced.    The  specific 
resistances  obtained  were  : — 

Ohms/Yard  Cube 

^  February  25th  57*5 

„         27th  102*0 

„    (evening)      125-0 

29th         „  392-0 

March  2nd  2,000*0 

Experiments  with  Sand. — Standard  sand  from  Leighton  Buzzard  was 
placed  in  a  glass  trough  and  provided  with  soft-iron  electrodes  of 


250001 


ao       xoo       X20 

Time   in  minuted 

Fig,  18. 

10-5  sq.  cm. ;  when  the  sand  was  quite  wet  but  without  surface-water, 
and  with  the  electrodes  5  cms.  apart,  the  specific  resistance  was  measured 
by  the  A.C.  method  and  found  to  be  15,750  ohms  per  cm.  cube. 

A  current  from  a  no- volt  circuit  was  now  passed  through  the  sand 
and  time  observations  taken  as  before.  The  calculated  apparent 
resistances  plotted  against  time  is  given  in  Fig.  17.  The  voltage  was 
now  increased  to  220,  when  the  upper  curve  of  Fig.  17  was  obtained. 
At  the  conclusion  of  the  preceding  experiments  the  current  was 
reversed,  when  the  change  of  resistance  with  time  followed.  Fig,  18. 
The  polarisation  was  found  to  be  small. 

Experiments  with  Coke. — Roughly  powdered  coke  with  iron  electrodes 
and  moistened  with  Manchester  rain-water.  Thd  resistance  gradually 
decreased  on  applying  a  voltage  of  10,  probably  due  to  the  heating  of 
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the  carbon.    The  polarisation  was  1*95,  and  the  specific  resistance  about 
10*6  ohms  per  inch  cube. 

Experiments  with  Aluminium  Electrodes, — Pure  aluminium-foil 
electrodes  were  used  with  damp  sand  moistened  with  a  dilute  solution 
of  salt  and  gave  with  25  volts  a  gradually  increasing  resistance  as 
shown  in  Fig.  19.  The  anode  corroded  during  the  experiment  The 
current  density  at  the  end  was  about  0*0056  amperes  per  sq.  cm. 


110 


20  50  40 

Time  in  mhiut65. 

Fig.  19. 

Experiments  with  Plaster  of  Paris.^A  round  rod,  18  in.  long  by  i  in. 
diameter,  was  made  of  ordinary  plaster  of  Paris  and  water  in  a  tuttc  of 
sheet-lead  used  as  a  mould.  When  the  plaster  was  well  set  the  lead 
was  cut  through,  so  that  the  rod  could  t>e  removed  without  breakage. 
It  was  fixed  vertically  and  provided  with  mercury  electrodes.  A 
voUage  of  no  was  applied  for  2  hours  and  ao  minutes,  and  then  a 
voltage  of  220  for  '2  hours.  The  resistance,  which  at  the  start  was 
22,300  ohms,  had  now  risen  to  28,210  ohms.    The  rod  was  now  broken 
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into  three  nearly  equal  pieces  and  the  resistances  of  the  two  end  pieces 
obtained.  They  were  then  weighed,  and  then  heated  for  a  long  period 
until  thoroughly  dry.    The  results  were  ; — 

Table  IX. 


Positive  End. 

Negative  End. 

Length      

Resistance  before  drying 

Resistance  per  inch  before  drying 

Water    lost    on    drying,    in    ) 
grammes  per  inch      ...         ) 

550  in. 
10,400  ohms 
1,890  ohms 

577 

575  in. 

5,100  ohms 

887  ohms 

680 

A  second  series  of  observations  was  taken  with  a  rod  about  21  in. 
long  and  i^^  in.  in  diameter.  It  was  submitted  to  about  220  and  then 
about  360  volts.  The  resistance  change  with  time  is  given  in  Fig.  20. 
The  current  density  averaged  the  whole  time  0*00348  ampere  per 
square  inch,  and  during  the  experiment  0*0084  Board  of  Trade  unit  was 
used.  At  the  conclusion  the  rod  was  broken  up  as  before  and  the 
amount  of  moisture  in  each  piece  estimated,  with  the  following  results  : 

Table  X. 


No.  of  Piece  from 
Positive  End. 

Resistance  in  Ohms  per 
Inch  Length. 

Moisture  per  Inch  Length. 
Grammes. 

I 
2 
3 

4 

4,080 
2,700 
2,270 
1,710 

6*40 
7*24 
8-20 
8-32 

Discussion  of  the  Endosmose  Experiments, — It  does  not  seem  that  the 
change  of  resistance  that  takes  place  is  due  to  the  effects  of  polarisa- 
tion, or  to  a  gradual  building  up  of  a  non-conducting  film  at  the 
electrodes.  It  was  the  same  with  mercury,  carbon,  and  non-passive 
iron  and  aluminium  electrodes.  The  values  of  the  E.M.F.  of  polarisa- 
tion obtained  were  low.  There  was  plenty  of  evidence  of  the  gradual 
drying  of  the  positive  electrode  causing  a  change  of  the  resistance 
around  it.*    The  experiments  with  the  plaster  of  Paris  rods  show  the 

*  In  later  experiments  the  resistance  at  each  electrode  was  measured.  The  resist- 
ance at  the  anode  with  190-320  volts,  after  the  temperature  had  become  constant, 
increased  in  a  very  marked  manner. 
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influence  of  the  conveyed  water  on  the  resistance.  The  phenomeoa 
has  some  resemblancef  as  £ar  as  the  rate  of  change  of  the  resistance,  to 
the  obserratioQS  of  Trooton  and  Searle,"  which  relate  to  the  change  of 
resistance  of  surface  films  on  glass. 

Discmssiam  of  tike  Froftrtia  of  Concrete. — ^The  rapidly  increasing  ose 
of  concrete  for  stractnral  porposes,  etc<^  makes  the  study  of  its  electrical 
properties  of  some  importance.  Its  specific  resistance  according  to 
the  measorements  that  have  been  ghren  in  the  case  of  pore  cement 
vary  from  ao  ohms  per  yard  cnbe  when  wet  to  1.900  when  fairly  dry. 
The  addition  of  sand  does  not  make  much  difference  when  the  concrete 
is  wet,  but  its  effect  when  very  dry  b  greatly  to  increase  the  specific 
rr^stancr  t 
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The  specific  resistance  thus  depends  on  the  presence  of  water  to  a 
very  important  extent  The  experiments  on  electrical  endotmoM  show 
that  water  may  be  electrically  conveyed  and  accomulate  at  cathodes. 

The  corrosion  of  stmctoral  steel  embedded  in  concrete  by  the 
action  of  stray  cnrrents  is  a  matter  of  concern  in  the  United  States. 
Toch  has  shown  that  steel  embedded  in  concrete  can  be  electrolytically 
corroded  at  the  anode,  bat  if  a  good  insulating  paint  be  applied  to  the 

*  PAil.  Ma^,  voL  17,  p.  536,  1906. 

t  The  UmiU  obCaiocd  t^  9L  Undeck,  Blrkiro$«knticke  Z^Ukn/t,  \«L  17.  p.  180^ 
lSg6.  giv«  far  cement  after  33  boon  tmmemnn  in  water  415  dm.  cube,  and  ocm  part 
o4  cement  and  seven  parta  ot  (ravel  after  drying  for  4I  bnan  al  100^  C  t^i)yifioo 
ohmaldm.  cube. 

Vou  41.  80 
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steel  corrosion  can  be  prevented.  Some  drastic  experiments  showing 
the  effect  of  relative  large  currents  on  iron  in  concrete  have  been 
described  by  A.  A.  Knudson.* 

In  the  absenpe  of  vagabond  currents,  iron  in  properly  made  concrete 
is  perfectly  preserved  without  loss  of  weight,  and  even  if  used  in  a 
rusty  state  it  will  recover  after  some  time  the  tint  which  it  originally 
possessed.  This  almost  incredible  fact  is  thought  to  be  due  to  the 
action  of  the  cement  in  forming  a  protective  coating  of  silicate 
of  iron.f 

Technical  Applications  of  Electrical  Endostnose, — Electrical  engineers 
will  be  interested  in  the  efforts  that  are  being  made  to  apply  electrical 
endosmose  for  the  drying  of  peat,  the  extraction  of  sap,  and  in  the 
processes  of  tanning.  | 

The  method  of  drying  peat  is  illustrated  by  the  following 
experiments  : — 

1.  An  electrode  of  iron- wire  gauze  was  fixed  at  the  bottom  of  a  large 
glass  funnel,  lo  in.  in  diameter,  which  was  then  filled  up  with  1,530 
grammes  of  damp  peat.  On  the  top  of  the  peat  a  heavy  lead  plate  was 
placed  and  then  connection  was  made  to  the  200-volt  mains,  the  upper 
electrode  being  the  anode.  The  change  of  current  with  time  was  like 
the  case  of  the  concrete.  Water  trickled  out  of  the  funnel,  and  in  two 
hours  125  grammes  were  collected. 

2.  A  shallow  wooden  tray,  about  2  ft.  long,  8  in.  wide  and  6  in. 
deep,  was  made  and  well  varnished.  The  bottom  consisted  of  a  per- 
forated zinc  plate.  The  box  was  filled  with  wet  peat  and  an  upper 
electrode,  the  anode  of  iron  pressed  down  with  weights  was  used. 
With  500  volts  the  current  fell  in  an  hour  from  3*3  to  07  amperes,  and 
the  bottom  of  the  box  was  saturated  with  water. 

XXIII.— Alternating-current  Corrosion. 

The  Metropolitan  Water  Board  having  been  successful  in  forcing 
the  North  Metropolitan  Electric  Supply  Company  to  include  in  their  1907 
Bill  a  clause  by  which  the  Company  is  liable  for  any  electrolytic  action 
from  their  alternating  system  has  brought  under  debate  the  question 
whether  or  not  alternating  currents  can  produce  corrosion. 

The  question  is  one  of  considerable  scientific  interest,  and  is  settled 
as  far  as  laboratory  methods  are  concerned.  Even  with  a  periodicity 
as  high  as  600  per  second  copper  can  be  rapidly  corroded  in  a  solution 
of  potassium  cyanide.  This  may  be  due  to  the  great  rapidity  of  the 
reaction  between  the  copper  liberated  during  half  a  period,  and  the 
cyanide  leading  to  the  formation  of  complex  substances  which  cannot 
be  decomposed  by  the  reversed  current.      The  periodicity  of  commer- 

•  Procadings  of  the  American  Institute  of  Electrical  Engineers,  vol.  36,  pp.  133-148, 
1907. 

f  See  E.  Noaillon,  *•  Fcrro-concretc  and  Some  of  its  Characteristic  Properties," 
Proceed! Hi^s  of  the  Institution  of  Meclmnical  Engineers,  p.  485,  1905. 

I  See  Watt's  "  Leather  Manufacture,"  pp.  254-259,  for  several  processes.  In- 
dustries and  Iron,  vol:  27,  p.  83,  1899,  for  Groth's  method.  German  patents  124.509, 
124,510,  128,085.  J.  Buse,  Industrie  Electrique,  vol.  8,  pp.  344-348,  1899.  voa 
Schweriii-Hochst,  Zeitschrift  fflr  Elektrocliemie,  vol.  9,  p.  739,  1903. 
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dal  alternating  currents  being  more  of  the  order  of  50,  the  conditions 
for  corrosion  are  more  favourable,  but,  fortunately,  the  salts  in  the  earth 
have  not  so  far  been  found  to  give  rise  to  complexes.  On  the  other 
hand,  it  is  found  that  the  efficiency  of  corrosion  is  very  small  and  that 
passivity  may  be  produced  and  prevent  corrosion  altogether. 

J.  L.  R.  Hayden  *  has  made  a  long  series  of  experiments  with  lead 
and  iron  electrodes,  using  solutions  of  salts  contained  in  the  soil,  and 
with  the  soils  themselves,  and  he  finds  that  the  amount  of  corrosion 
rarely  exceeds  |  per  cent,  of  the  amount  that  would  be  produced  by  the 
equivalent  direct  current. 

The  result  of  some  experiments  made  under  my  direction  may  be 
quoted  here  :  Plates  of  commercial  lead,  copper,  and  soft  iron  about 
5  in.  X  i)  in.  x  ty  in.  thick  were  immersed  for  144  hours  in  either 
X  per  cent  or  7  per  cent,  solutions  of  sodium  sulphate  and  the 
value  of  the  chemical  corrosion  obtained.  Pairs  of  plates,  which  had 
been  each  weighed,  were  placed  in  beakers  containing  one  or  other 
oi  the  above  solutions.  The  cells  were  arranged  in  series  and  an 
alternating  current  of  8or>Jand  3*5  (R.M.S.)  amperes  was  passed  for 
6^  hours.  The  plates  were  then  withdrawn,  washed,  dried,  and 
re*weighed.    The  results  are  given  below  : — 


Table  XI. 


[         MetaL 

SoloUoa. 

Total 

Corro«i6nln 

6|Houre. 

Chemical 
a^Hoare. 

1 

1     Gqulralent 
,  Direct-current 
1     Corroeion. 

Percentage 
orA.C. 

CoiToelun 
to  DC. 

Corrodon. 

;  Lead      ... 

1 

Per  Cent.' 

7^ 

Grammes 
0*038 

Grammes. 
0*002080 

Oraromes. 
5650 

0*060 

iLcad      ... 

I 

0-032 

0*002030 

.     56-50 

0-053 

Copper 

7 

0*030 

0*000902 

17*24 

0*150 

Iron 

I 

o-o6i 

0-003740 

1070 

0500 

In  a  second  series  of  experiments  a  normal  solution  of  sodium 
chloride  ws^  used,  and  the  electrodes  were  of  soft  commercial  lead 
and  transformer  iron.  The  area  of  each  plate  was  100  sq.  cms.  They 
were  first  allowed  to  corrode  for  613  hours,  and  after  being  cleaned, 
dried,  and  weighed,  were  submitted  in  pairs  of  the  same  metals  to 
alternating-current  electrolysis  with  a  virtual  current  of  1*5  amperes  at 
60  r\J,  the  voltage  across  each  cell  being  1*5.  Gas  was  observed  on  all 
the  plates,  and  in  the  case  of  iron  a  considerable  amoimt  of  rust  was 
prodoced  whenever  a  bubble  adhered  to  the  surface.  The  alternating 
current  hence  seemed  to  promote   rusting.    The  lead    plates  were 

•  Pnvttdimift  of  the  Amariittn  hnUttttt  of  EUitrical  Bnginetn,  vol.  36,  pp.  105*131, 
1907  :  and  kUiirician,  vol,  5K,  pp.  qibt^;<)j3^  1907. 
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dipped  in  very  dilute  acetic  acid  before  cleaning  and  drying.    The 
average  results  are  shown  below : — 

Table  XII. 


Houn. 

Combined 
Corrosion. 

Cliemical 
Corrosion. 

Current 
Corrosion. 

Equivalent 

D.C. 
Corrosion. 

AC.  Corrosion 
D.C.  Corrosion 

Lead- 
Iron  ... 

15 
15 

Grammes. 
0127 

0-075 

Grammes. 
000510 

000147 

Grammes. 
0-I22 

0-073 

81-9 
22*2 

Percent 
0015 

0-330 

One  aspect  of  the  leakage  of  alternating  currents  is  whether  they 
are  capable  of  rectification  by  the  valve  action  of  certain  metals  such 
as  iron,  lead,  and  copper.    This  requires  investigation. 

In  conclusion  I  must  express  my  thanks  to  my  colleagues  who  have 
placed  information  at  my  dil^osal,  and  I  must  especially  thank  Messrs. 
Butterworth,  Bleakley  and  Brotherton  for  assistance  with  experimental 
work,  I  am  also  indebted  to  several  students,  and  wish  to  particularly 
mention  Messrs.  A.  K,  Bentley,  G.  H.  Taylor,  B.  Hoyle,  and  D.  Jenkins. 


APPENDIX    A. 

CALCULATION  OF  CONDUCTANCE  CAPACITY  OF  AN  ELEC- 
TROLYTE  DUE  TO  THE  PRESENCE  OF  GALVANIC 
COUPLES  OF  SIMPLE  GEOMETRIC  FORM. 

(By  S.  BuTTERWORTH,  B.Sc,  Manchester.) 

It  will  be  assumed  that  the  conductance  of  ihc  electrodes  is  always 
great  compared  with  the  conductance  capacity  K,  and  therefore  that 
the  bounding  surface  of  each  electrode  with  the  electrolyte  is  an  equi- 
potential  surface.  The  method  adopted  is  to  choose  a  certain  system 
of  equipotential  surfaces,  and  to  find  the  value  of  K  for  that  system 
when  our  two  electrodes  have  boundaries  coinciding  with  any  two 
surfaces  of  that  system. 

The  simplest  system  to  take  is  that  in  which  the  surfaces  are 
represented  on  a  plane  by  a  system  of  circles  all  passing  through  one 
point  O,  and  having  their  centres  on  a  straight  line  Ox  (Fig.  21). 

In  this  case  the  current  sheets  will  be  represented  by  circles  having 
their  centres  on  the  common  tangent  O^,  and  all  passing  through  O. 
The  elementary  area  to  take  is  one  bounded  by  equipotential  circles  of 
radii  x  and  x  +  dx,  and  by  two  lines  of  flow  of  radii  y  and  y  +  dy.  Such 
an  element  is  A  B  C  D  in  Fig.  21.    The  size  of  this  element  is — 


A'  +  r) 


(0 
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The  distance  p  ci  A  from  Ox  is — 


and  the  distance  q  from  Oy  is- 


2x'y^ 


ly'x 


4e9 


(2) 


(3) 


The  value  of  K  for  the  following  galvanic  couples  is  easily  deduced 
from  the  above  system  : — 


Fig.  21. 


I.  Two  parallel  cylinders,  radii  a  and  b,  touching  each  other,  and 
immersed  in  an  electrolyte  (Fig.  22). 

It  is  obvious  from  the  figure  that  if  an  eIectrol3rte  can  penetrate 
right  to  O,  the  value  of  K  would  be  infinite.  Hence  in  order  to  obtain 
finite  results,  we  must  in  this  (as  well  as  in  the  succeeding  cases) 
assume  a  smallest  line  of  flow  within  which  the  electrolyte  does  not 
penetrate.  Let  its  radius  be  c,  in  the  upper  quadrants  and  c,  in  the 
lower  quadrants.  Again,  if  the  electrolyte  is  of  finite  size,  we  must 
discover  the  greatest  line  of  flow.  Let  the  radius  of  this  be  d,  in  the 
upper  and  d,  in  the  lower  quadrants.  Then  for  unit  thickness  of 
electrolyte  and  for  the  first  quadrant  the  value  of  K  (by  reference  to 
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taken  over  whole  quadrant.    Therefore 


from  {i) — 


my 


Fig.  22.— Section  of  two  Cylinders  immersed  in 
Electrolyte. 

For  all  the  four  quadrants  and  unit  thickness — 

K  =    ^^     (^-i  "tJj  —  1'  ±A')  . 

Particular  cases,  such  as  cylinder  on  a  plane,  can  easily  be  deduced 
from  this  general  expression. 

The  value  of  K  when  one  cyhnder  is  inside  the  other  (sec  Fig.  23)  is — 

/oo        /  /•a  /•oc         I  /•a 
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2.  Two  spheres  in  contact.  Let  their  radii  be  a  and  6  respectively. 
The  system  of  surfaces  is  obtained  by  rotation  of  the  system  of  Fig.  at 
about  Ox.    Then— 

taken    over   the  two   upper    quadrants.    Therefore  K,  for  the  first 
quadrant — 


Fig.  23. 
For  the  whole  system- 


FiG.  24. 


Ks 


JC.K, 
K. +  K. 


where  K,  ss  value  for  the  first  quadrant,  and  K,  for  the  second  quadrant. 
K,  is  obtained  by  putting  a  for  b  in  the  expression  for  K,.    When  c 
is  large  compared  with  6,  K,  reduces  to— 


"■(?-;.)• 


3.  Ring  round  cylinder  (Fig.  24).     Electrolyte  of  infinite  extent.     Let 
the  radius  of  the  cylinder  be  r,  and  that  of  section  of  ring  be  ^.    Then 
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the  system  is  obtained  from  that  of  Fig.  21  by  rotation  of  quadrants  (i) 
and  (^)  round  an  axis  parallel  to  O^,  and  at  a  distance  r  to  the  left  of  it 
Then— 

taken  over  the  right-hand  quadrants. 

3/ 


Fig.  25, 

Therefore  K,  for  upper  quadrant — 

x'dy 


-"//"[i7'(""-^")]- 
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If  c  be  stmaU  compared  with  b,  this  reduces  to^ 


2  w 


is: 


dx 


2  wb  r 


\2         2  CJ 


2Jr" 


and  for  the  complete  syst( 


K  = 


_4 


-6i 


A  second  system  of  surfaces  is  represented  in  Fig.  25.  The 
cquipotential  surfaces  consist  of  circles  passing  through  two  points  on 
Oy  at  a  distance  a  above  and  below  O,  with  their  centres  on  Ojt.  The 
previous  system  is  included  in  this,  since  it  is  the  case  a  =  C* 

The  lines  of  flow  will  be  circles  everywhere  at  right  angles  to  the 
equipotential  circles.    Their  centres  will  therefore  l>e  on  O^. 


t ^r..-.*^ 

* 

-  / 

y\ 

/ 

/y\  ^ 

f " 

V^j- 

'  \ 

1 

w/t 

\ 

v^y 

\ 

y^ 

\ 

y^ 

^^=-^ 

1 

Fig.  26. 


If  JT ;?:  the  distance  of  centre  of  one  equipotential  circle  from  origin, 
then  the  equation  to  this  circle  is 


r*  —  2  jr  r  cos  9  =  a* 

and  if  ^  s  the  distance  of  the  centre  of  any  one  circle  of  flow  from  the 
origin,  the  equation  to  circle  of  flow  is — 

r*  —  2^  r  sin  0  ^  —  fl" 

where  r  and  0  are  the  polar  co-ordinates. 

Working  by  methods  similar  to  those  of  the  first  system,  we  get 
the  following  values  for  K  for  various  couples,  the  electrolyte  being 
assumed  to  be  of  infinite  extent. 

4.  Two  uniform  ban  of  metal,  whose  sections  arc  as  in  Fig.  26,  K  for 
the  first  quadrant  and  unit  thickness,  is — 


J: 


f  ,•  —  a' 
where  €  is  distance  from  O  of  centre  of  circle  which  t>ounds  the  metal. 
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Similar  expressions  hold  for  the  other  quadrants.  This  includes 
ease  i  when  a  =  O. 

Since  the  expression  only  involves  ^  it  is  immaterial  on  which  side 
Of  O  the  centre  of  the  circle  is. 

When  f  :*  O,  then  the  expression  becomes  that  for  a  hemicylinder. 

For  t%vo  hemicylinden  of  equal  radius  a  placed  with  their  flat  surfaces 
in  contact,  K  per  unit  length  is— 

a  ( _     I I         1 

5.  Solid  produced  by  revolution  of  upper  half  of  Fig.  26  about  Ox. 
K  for  rotation  of  the  right  half — 

=  27r  Ji-  4-  a'  \  -J^^^-ZTS^  -  I  -f  B  loge  (c'  -  g")^         V 
where — 

2  a       \  c       c^  -{-     ) 

This  reduces  to  case  2  when  a  =  O. 

A  special  case  is  that  of  two  hemispheres  (e  =  O).    Then — 


APPENDIX    B, 

ELECTRODE  PHENOMENA  AT  HIGH-CURRENT  DENSITIES. 

Some  experiments  illustrating  what  takes  place  when  the  anode  or 
the  cathode  are  submitted  to  electrolysis  with  a  small  area  are  given 
below  : — 

1.  A  copper  wire  was  used  as  an  anode  in  a  normal  solution  of 
sodium  chloride,  the  cathode  being  a  copper  plate  enclosed  in  a  porous 
pot.  With  a  current  density  of  0*15  amperes  per  sq.  cm.  gas  com- 
menced to  be  evolved,  and  when  the  current  density  was  increased 
to  4*48  a  loud  hissing  sound  was  produced  and  the  anode  was  rapidly 
disintegrated. 

2.  A  piece  of  trolley  wire  No.  0000  was  bent  in  the  form  of  a  hook, 
so  that  the  end  could  be  seen  on  looking  from  above  (Fig.  27). 
Indiarubber  tubing  was  slipped  over  the  wire  to  insulate  all  but  the 
end.    The  electrolyte  was  as  before,  and  the  cathode  was  of  copper 
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pbcod  in  a  porous  pot.  With  114  volts  a  current  density  of  9*53  amperes 
per  sq.  cm.  produced  boiling  round  the  electrode,  and  small  sparks 
appeared  at  the  edges.  With  144  vohs  the  current  density  increased 
to  IO-6,  and  then  a  passive  stage  was  reached.  On  raising  the  voltage 
to  150  the  current  density  was  only  0*42,  but  a  bubble  of  gas  escaped 
every  half-minute  and  allowed  rushes  of  current.  A  brilliant  light  was 
produced,  which  was  still  more  marked  at  233  volts.  These  experi- 
ments were  made  with  a  battery  of  storage  cells  without  any  external 


Fig.  27. 


resistance,  excepting  that  of  the  electrolytic  cell.  On  changing  over 
to  the  dynamo  circuit  a  lower  voltage  of  200  gave  a  current  density  of 
11*6.  On  changing  back  to  the  battery  and  inserting  a  choking  coil 
a  current  density  of  11 '6  was  obtained  with  200  volts,  when  the  amount 


Q 

E 


—I 1 — 

Time  in  seconds. 
Fig.  28. 


0-5 


of  self-induction  was  adjusted  above  a  critical  point  Continuing  the 
experiments  with  the  dynamo,  300  volts  gave  current  density  27*5,  500 
volts  of  32*8,  and  600  volts  of  42*4.  At  these  higher  voltages  the 
luminous  effects  were  t>rilliant,  auid  a  loud  sound  was  produced.  At 
600  volts  the  current  was  40  amperes,  so  that  the  electrolytic  cell  was 
absorbing  32  H. P.  As  the  containing  vessel  was  only  about  i  ft.  in 
diameter  and  the  same  in  depth,  the  experiment  suggests  an  easy  way 
of  absorbing  power,  but  it  must  bo  remembered  that  the  current  that 
is  produced  is  a  pulsating  one.    This  is  clearly  shown  by  the  oscillo- 
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grams  (Figs.  28  and  29).     Fig.  28  shows  the  effect  of  the  battery  alone, 
and  Fig.  29  the  result  of  introducing  self-induction. 

3.  Using  the  same  apparatus  as  before,  but  making  the  trolley  wire 
negative,  the  following  observations  were  made  : — 

Table  XII. 


Volts. 

.  Current  Density 
at  Copper  (Amps./Cm.a). 

Remarks. 

1-25 
9-60 
130*00 
150*00 
300*00 
60000 

0*026 
0-740 
6*610 
6*350 
14*800 
63-500 

Gas  commences  to  be  evolved. 

Above  action  more  vigorous. 

Cathode  slowly  blackens. 
First    appearance    of    yellow 

sparks. 
Sparks  whiter  and  the  effect 

more  vigorous.    Loud  noise. 
Effects  increased. 

Brilliant  light  and  loud  rurab- 
ling    noise.     36    k.w.  = 
48  H.P.  absorbed. 

4.  The  electrodes  were  now  charged  to  arc-lamp  carbons  with  the 
high-current  density  at  the  anode,  a  passive  state  was  reached  at  117 


o-i  02 

Time   in   seconds. 

Fig,  29. 


— I 
03 


volts,  when  light  appeared.  From  150  to  500  volts  from  the  dynamo 
there  was  a  Wehnelt  effect.  At  the  last  pressure  the  current  was  30 
amperes  and  the  effect  very  brilliant  and  the  noise  violent.  On 
increasing  the  voltage  to  600  the  current  fell  to  about  1  ampere,  and 
a  slow  boiling  took  place  with  the  production  of  a  yellow  light.  A 
second  passive  stage  was  thus  produced.  On  reversing  the  current, 
the  luminous  effect  resembled  a  flame  arc,  and  75  amperes  at  400  volts 
was  absorbed. 
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Discussion. 

Mr.  A.  Watts  :  With  reference  to  electrolysis  due  to  stray  currents,  Mr.  Waiu. 
the  author  of  the  paper  has  been  good  enough  to  mention  my  name 
with  regard  to  some  experiments  I  carried  out  some  five  to  eight  years 
ago  in  Liverpool,  Dundee,  Sheffield,  Leeds,  Bradford,  and  HulL  It  will 
be  remembered  that  about  1900,  when  electric  traction  was  first  seriously 
thought  about  in  this  country,  there  was  somewhat  of  a  scare  as  to 
what  was  going  to  happen  to  the  pipes  of  the  different  gas  depart- 
ments, waterworks,  etc.,  owing  to  reports  which  were  circulating  in 
America.  The  National  Telephone  Company,  having  a  considerable 
interest  in  ducts  and  cables  underground,  determined  to  make  some 
tests  to  see  what  was  happening,  and  also  whether  the  Board  of  Trade 
regulations  were  being  carried  out  with  a  reasonable  amount  of  care, 
and  I  took  a  series  of  tests  on  some  of  the  first  systems  opened  to  find 
out  what  voltages  we  got  at  different  parts  of  our  cable  system. 

In  the  case  of  the  Sheffield  telephone  system,  the  central  exchange  is 
near  the  centre  of  the  town,  and  the  main  cables  and  ducts  lead  away 
from  it  and  divide  off  at  various  convenient  points,  the  lead-covered 
cable  terminating  at  a  pole  on  the  house  top  or  in  the  street.  Now  by 
joining  up  one  of  the  spare  circuits  in  the  cable,  a  connection  can  easily 
be  obtained  from  almost  any  point  in  the  town  to  the  test-room  of  the 
telephone  system.  Therefore  in  the  test-room  potential  readings  can  be 
taken  as  desired.  In  the  case  of  Sheffield,  which  was  the  worst,  I  found, 
after  m^Ucing  a  series  of  tests  from  different  distributing  poles,  that  at  a 
particular  point  there  occurred  the  lowest  potential  of  the  whole  of  the 
town,  being  even  lower  than  that  of  the  power  station  at  Vulham  Island. 
I  made  some  inquiries  from  Mr.  A.  L.  C.  Fell,  then  tramway  manager  at 
Sheffield,  and  found  that  at  this  point  the  negative  feeder  had  not  been 
j<Hned  up.  The  tramway  was  only  partly  completed,  and  we  got 
several  peculiar  results  on  certain  of  the  uncompleted  sections,  but 
these  are  not  of  material  interest.  The  most  important  test  was 
from  a  point  36  miles  from  the  centre  of  the  town,  where  there 
was  a  drop  on  the  cable  of  1*5  volts,  when  practically  the  maximum 
tramway  1(^  was  on.  Readings  were  also  taken  between  the  rails  and 
adjacent  cables,  and  the  highest  readings  on  the  outskirts  of  the  town 
were  about  1*25  volts  with  the  rails  positive  to  the  cable,  and  in  the 
centre  of  the  town,  within  a  small  area  of  about  a  quarter  of  a  mile 
square,  there  were  readings  var>*ing  from  rcro  to  1*25  volts  with  the 
cable  positive  to  the  rail.  Some  details  of  an  experiment  made  at  Shef- 
field may  be  of  some  interest.  Some  half-dozen  of  the  cables  were 
bofided  together  at  the  point  referred  to  where  the  lowest  potential 
was  found,  and  to  give  the  current  a  sli^^htly  better  chance  of  getting 
back  to  the  rails,  a  copper  earth  plate  3  ft.  by  2  ft.  w.is  sunk  beneath 
the  Boor  of  a  manhole.  This  plate  has  been  in  position  since  July, 
1900,  and  when  I  heard  of  this  paper  I  had  the  plate  dug  up.  An 
examination  of  it  shows  a  certain  amount  of  pitting,  but  it  is  certainly 
not  very  alarming,  especially  when  it  is  considered  that  the  plate  had 
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been  used  for  draining  a  system  of  20  to  30  miles  of  cable  for  a  period 
of  nearly  eight  years.  The  tests  were  all  repeated  when  the  tramway 
power  station  shut  down  to  make  quite  sure  that  the  readings  obtained 
were  due  to  the  tramway  currents. 

We  have  been  told  that  there  is  practically  no  stray  current  in  the 
United  Kingdom,  and  that  we  must  go  abroad  for  examples,  but  I  came 
across  one  case  some  years  ago,  on  the  South  Staffordshire  tram- 
ways system,  which  *was  brought  into  use  before  the  Board  of  Trade 
issued  their  regulations.  This  system  includes  Darlaston  and  Wedncs- 
bury  at  one  end  and  Walsall  about  the  centre,  where  we  have  an 
exchange.  Between  the  power  station  and  Darlaston  there  was  a  drop 
of  13-4  volts,  and  from  the  power-station  to  the  far  end  of  Walsall  there 
was  a  drop  of  167  volts.  The  Company  has  only  a  small  system  under 
ground  in  Walsall,  and  there  being  no  differences  of  potential  on  that 
particular  cable  system  of  more  than  3  volts,  nothing  was  done  in  the 
matter. 

There  are  two  questions  I  should  like  to  ask  : 

1.  The  author  mentions  that  the  Post-office  engineers  have  obtained 
some  readings  of  quarter  of  an  ampere  by  cutting  a  lead-covered  cable. 
I  would  like  some  further  particulars  as  to  how  the  test  was  made  and 
the  instruments  used,  and  the  conditions. 

2.  With  reference  to  the  concrete  tests,  it  struck  me  that  some  of 
the  tests  made  in  this  case  were  not  quite  commercial  tests.  They 
were  apparently  made  with  standard  sand  or  granite  of  various  kinds, 
presumably  quite  clean  and  free  from  clay,  etc.  In  ordinary  work  one 
does  not  always  use  such  good  material,  and  it  might  be  interesting  to 
compare  some  commercial  concrete  with  the  standard  material. 

Mr.  J.  G.  CuNLiFFE :  Like  the  last  speaker,  I  propose  to  refer  to  the 
question  of  corrosion  due  to  stray  currents.  Parshall  in  England  and 
Claude  in  France  have  shown  that,  although  comparatively  large 
currents  flow  in  the  earth,  yet  only  very  small  currents  (in  the 
neighbourhood  of  i  ampere)  are  to  be  found  flowing  in  the  pipes 
alongside  the  track.  I  have  endeavoured  to  find  the  reason  for  this, 
and  although  my  experiments  are  by  no  means  complete,  I  have 
succeeded  in  evolving  a  theory  which,  I  ventiwe  to  suggest,  is  at 
least  plausible. 

Fig.  O  shows  the  results  of  experiments  which  I  have  carried  out 
with  a  view  to  determining  the  factors  affecting  the  electrical  resistance 
between  two  metalHc  bodies  buried  in  the  earth . 

Curve  A  represents  the  variation  of  resistance  between  two  metallic 
points. 

Ciu-ve  B,  the  resistance  between  a  point  and  a  plate  ;  and  curve  C, 
the  resistance  between  two  plates. 

Although  I  have  given  the  scale  of  abscissae,  I  have  not  shown  the 
specific  values  of  the  resistance.  This  is  because  the  resistance  depends 
so  largely  upon  the  area  of  the  plates  and  the  specific  resistance  of  the 
soil,  which  is  itself  a  very  variable  quantity.  I  wish,  however,  to  draw 
attention  to  the  general  shape  of  the  curves,  which  appears  to  be  the 
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same  under  all  conditions  within  the  range  o(  my  experiments. 

be  observed  that  at  small  distances  the  resistance  is  high,  whilst  at 

larger  distances  it  is  relatively  small. 

Fig.  P  shows  the  stream  lines  of  current  flowing  between  earth 
plates  placed  close  together.  Evidently  the  length  of  the  extended 
stream  lines  is  disproportionately  great,  so  that  the  effective  area  of 
the  path  is  not  much  greater  than  the  area  of  the  plates  themselves. 
This  is  easily  proved  by  comparison  with  the  specific  resistance  of 
the  soiL 

Fig.  Q  shows  the  stream  lines  with  the  earth  plates  far  apart 
Evidently  the  percentage  increase  in  length  of  the  extended  stream 


It  will   Mr. 

ConUae. 


7 

N 

W 

> 

f 

N 

/ 

V 

<L) 

^ 

^^^ 

\ 

\ 

\. 

O 

c 

1 

' — 

\ 

^^ 

A 

xJ 

0) 



\ 

oc 

\ 

V 

B 

/^ 





— 

c 

r 

— 

— 

I020304050607060 

Distance  in  feet 

Fio.  O. 


90    100     uo     120   CO 


lines  is  not  so  great,  and  the  effective  area  of  the  path  is  enormous 
compared  with  the  area  of  the  plates.  Hence  the  shape  of  the 
curves. 

Fig.  R  shows  the  standard  vagabond  current  diagram.  Current 
leaves  the  rails  at  the  point  Y,  and  enters  again  at  the  distant  point  X. 
By  the  above  reasoning,  it  is  obvious  that  the  resistance  between  the 
rail  and  the  pipe  which  is  laid  beneath  the  surface  of  the  same 
roadway  is  high,  whilst  the  resistance  to  flow  through  the  earth 
direct  from  Y  to  X  is  small.  Thus  the  majority  of  the  leakage  current 
flows  in  the  earth  itself,  only  a  very  small  percentage  flowing  in  the 
pipe.  Again,  the  same  reasoning  shows  that  between  adjacent  lengths 
of  a  pipe  system  the  resistance  to  shunting  of  the  current  round  the 
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joint  must  be  high,  and  I  have  myself  found  this  to  be  as  high  as 
30  ohms  with  only  J  inch  space  between  the  pipes.  Thus,  even  if 
there  is  a  current  flowing  in  a  pipe,  the  resistance  of  the  joint  must  be 
very  high  in  order  to  compel  that  current  to  take  the  earth  path. 


Fig.  p. 


Fig.  Q. 


With  regard  to  electrolytic  surveys,  I  claim  that  no  definite  informa* 
tion  can  be  obtained  from  them.  As  a  matter  of  fact,  the  potential 
difference  between  a  pipe  and  the  rail  at  any  point  is  greater  the 
smaller  the  leakage  current  flowing  in  the  pipe ;  so  that,  if  the  latter  is 
zero,  the  potential  di£Ference  is  equal  to  the  potential  difference  between 
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that  point  oa  the  rail  aod  the  point  where  the  rail  is  at  the  potential  of 
normal  earth,  that  is»  the  potential  dificrence  between  the  pipe  and  the 
rail  has  the  maiimnm  possible  vahie  imder  conditions  of  maaimmn 
safety,  whereas  generally  this  high  potential  cfifference  is  accepted  as  a 
sore  sign  of  danger.  In  fact,  careful  coosideratioo  shows  that  electro- 
l3rtic  surveys  are  so  apt  to  caose  wrong  impressions  that  they  certainly 
oi^ht  never  to  be  published. 

I  shall  now  pass  to  the  overhead  line.  Taking  the  case  of  an 
ordinary  insolator  bolt ;  nnder  the  infloence  of  capillary  attraction,  and, 
to  a  far  greater  extent,  of  electrical  endoamose,  water  charged  with 
atmospheric  impurities  is  drawn  between  the  iron  bolt  and  the  insolating 
material,  and  is  forced  through  from  the  poaitife  metal  of  the  bolt  to 
the  negative  metal  of  the  hanger. 

This  impure  water  is,  as  Professor  Gee  has  shown,  and  as  we  of 
the  Manchester  Tramwajrs  are  only  too  well  aware,  a  very  powerful 
electroljrte.    Electrolytic  corrosion  immediately  sets  in,  and  rust  b 
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formed  in  the  practically  capillary  spaces,  with  the  inevitable  result 
that,  as  the  rust  film  increases  in  thickness,  the  insulation  is  burst 
asunder. 

This  applies  to  almost  every  form  of  traction  line  insulator,  and 
and  can  be  remedied  by  inversion  of  the  insulator  bolt,  or  t)y  reversal 
of  the  polarity  of  the  line.  The  reversal  of  polarity  also  has  the  effect 
of  reducing  the  current  density  where  leakage  currents  leave  an  under- 
ground pipe,  as  is  shown  tyy  every  possible  method  of  calculation  or 
computation  of  leakage  current  density,  and  since  there  is  far  more 
chance  of  the  pipe  metal  becoming  automatically  passive  at  low  current 
densities,  I  think  the  suggestion  is  worthy  of  consideration. 

In  conclusion,  I  may  say  that,  judging  t)y  the  high  E.M.F.'s  of 
polarisation,  after  shutting  down,  the  pipes  in  the  Manchester  streets 
are  in  a  fairly  passive  condition,  axid  so  immune  from  attack  by  stray 
currents. 

4*rofe8sor  A.  Schwartz  :  This  subject  of  electrical  corrosion  is  one 
which  deserves  a  great  deal  more  attention  than  we  have  paid  it  I  hold, 
for  instance,  in  my  hand  a  sample  of  an  earthing  clip  ;  the  design  is 
ingenious  and  effective.  Regarded  from  the  point  of  view  of  electrical 
corrosion,  one  can  only  say  it  is  a  concentrated  sin.  Wc  have  tinned 
copper  in  contact  with  lead  in  contact  with  zinc  which  is  on  iron,  which  is 
again  in  contact  with  brass.    With  regard  to  the  life  of  steel  embedded 
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in  concrete,  I  think  corrosion  is  rather  an  important  point,  because 
steel  is  entering  so  very  largely  into  our  structural  work  nowadays. 
As  electrical  engineers  we  have  to  deal  with  it  not  only  in  buildings, 
but  it  is  used  very  frequently  as  ferro-concrcte  in  the  construction 
of  flumes  in  hydro-electric  work,  and  also  in  the  construction  of 
masts  for  long-span  transmission  lines.  I  have  some  results  of  experi- 
ments I  made  some  time  ago  on  steel  embedded  in  coke  breeze  concrete, 
and  I  find  in  each  case  that,  after  exposure  to  steam  and  air  and  water 
with  the  various  strengths  of  cement  and  sand  and  coke  breeze  which 
are  usually  employed,  in  every  case  severe  corrosion  followed.  But  if 
the  steel  were  coated  with  neat  cement,  then  it  seemed  to  exert  a 
considerable  protective  influence  upon  it,  and  I  think  in  the  early  days 
of  steel  ships  it  was  not  an  uncommon  practice  to  coat  the  interior 
with  cement.  There  is  one  point  with  regard  to  rusting  I  should  like 
to  ask  the  author.  The  presence  of  carbon  dioxide  seems  to  be 
necessary,  and  we  know  that  iron  and  steel  have  the  power  of  occluding 
a  considerable  amount  of  gas.  They  can  occlude  as  much  as  ten  or 
twelve  times  their  volume  of  ^as.  On  heating  such  a  piece  of  iron 
or  steel,  we  find  that  carbon  dioxide  is  given  off  at  the  lower 
temperatures,  and  I  should  like  to  ask  the  author  whether,  in  his 
opinion,  he  thinks  that  the  CO,  thus  given  off  on  heating — even  if 
the  surface  of  the  material  were  protected  by  paint  or  some  other 
protective  medium — would  be  sufficient  to  cause  corrosion. 

I  wish  the  author  could  have  given  us  a  little  more  information 
about  endosmose,  as  it  is  a  very  important  point  to  electrical 
engineers.  Some  fourteen  years  ago,  in  connection  with  the  St 
Pancras  system  in  London,  we  had  a  series  of  very  bad  explosions 
in  the  mains,  due  to  the  formation  of  metallic  sodium  and  potassium 
by  endosmose.  The  mains  were  bare  copper  laid  in  brick  and  concrete 
culverts,  and  there  these  blocks  of  salts  split  when  they  got  heated  by 
the  earth  current  passing  through  them,  and  when  the  little  metallic 
globules  of  sodium  and  potassium  were  exposed,  a  drop  of  water  falling 
upon  them  from  condensation  on  the  manhole  cover  set  fire  to  them. 
Professor  Gee  attributes  the  explosion  to  the  hydrogen  which  is 
liberated  by  the  electrolysis,  but  I  think  we  have  to  lay  the  explosion 
at  the  doors  of  our  friends  the  gas  people.  Any  hole  dug  in  the  street 
of  any  large  town  is  always  soon  filled  with  gas,  and  when  the  proper 
proportion  for  explosion  is  reached,  it  is  liable  to  be  fired  by  the 
sodium  and  potassium. 

Dr.  C.  C.  Garrard  :  I  would  venture  to  criticise  somewhat  the 
method  adopted  by  Professor  Gee  in  the  very  interesting  investiga- 
tions he  has  carried  out.  The  method  used  is  based  on  the  measure- 
ment of  the  current  density.  The  true  criterion  in  all  electrolytic 
reactions  is  not  the  current  density  at  the  electrode,  but  the  potential 
difference  there.  Looked  at  in  this  light,  many  curious  electrolytic 
reactions  become  quite  easy  to  explain.  For  example,  anodic  efficiency. 
If  copper  be  going,  for  example,  into  solution,  in  a  solution  of  copper 
sulphate,  if  the  potential  difference  at  the  anode  be  kept  low  enough,  the 
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action  will  be  quantitative.     If,  however,  the  voltage  between  the  Dr. 
anode  and  the  solution  be  raised  high  enough,  the  anions  of  water,  ^*'^^*^ 
namely,  O  and  OH,  will  be  liberated,  forming  oxygen  with  correspond- 
ing lowering  of  anodic  efficiency. 

The  point  I  wish  to  emphasise  is  that  the  proper  way  to  investigate 
all  electrolytic  problems  is  by  oneasurement  and  examination  of  the 
voltage  and  not  of  the  current  densities. 

Professor  Gee  mentions  the  fact  that  zinc  dissolves  in  an  acid  with 
a  velocity  proportional  to  the  electrolytic  conductivity  of  the  add. 
This  directly  follows  from  the  law  of  Gouldberg  and  Waage  and  the 
laws  of  electrolytic  conduction.  Gouldberg  and  Waage's  law  tells  us 
that  the  reaction  velocity  of  any  chemical  reaction  is  a  function  of  the 
concentrations  of  the  reacting  and  formed  bodies.  As  also  the  electro- 
lytic conductivity  is,  within  wide  limits,  proportional  to  the  concentra- 
tion of  the  add,  it  will  be  seen  that  the  relation  found  by  Professor  Gee 
is  to  be  expected  as  a  direct  result  of  known  laws,  and  does  not  need 
the  formulation  of  any  new  hypothesis  to  explain  it. 

As  regards  the  deaning  of  iron  artides  by  means  of  cathodic  action, 
I  worked  out  a  process  for  doing  this  some  years  ago  with  the  object 
of  removing  the  rolling  scale  from  rolled  steel  sections.  The  steel  was 
oscd  for  steam  turbine  blades,  and  the  rolling  process  covered  it  with 
a  hard  blue  scale,  which  had  to  be  removed  before  the  machining  was 
done.  I  used  dilute  sulphuric  add  with  carbon  anodes ;  the  process 
worked  very  well,  the  sections  coming  out  of  the  bath  beautifully  clean 
and  bright 

Mr.  W.  Cramp  :  There  is  one  question  I  should  like  to  ask  with  Mr.  Cramp. 
respect  to  the  action  that  takes  place  on  tram  rails.  In  the  city  here 
(I  have  noticed  it  also  in  other  towns  where  trams  are  run)  there  may 
be  seen  on  the  rails — due,  as  I  think,  to  the  constant  spailting  and  roll- 
ing occurring  under  the  car  wheels— a  very  beautiful,  hard  coating, 
apparently  of  black  oxide  of  iron.  This  coating  is,  I  think,  the  very 
thing  that  has  been  sought  for  so  long  by  gunmakers  and  others  to 
protect  the  surfaces  of  rifles,  etc.  In  the  Bimyngham  Royal  Small 
Arms  Factory  the  process  used  for  putting  an  oxide  coating  on  is  kept 
absolutely  secret,  and  even  then  the  result  is  poor  compared  to  that 
I  refer  to.  I  wish  to  ask  Professor  Gee  if  it  is  not  possible  to  make 
use  of  the  effect  produced  by  the  tram  wheels  to  design  a  process  for 
putting  a  coating  upon  other  articles  for  general  commercial  purposes. 

Mr.  R.  Porter  :  I  think  the  author  is  somewhat  optimistic  when  Mr.  Porter, 
be  tells  us  we  have  to  go  to  America  to  search  for  electrolytic  troubles 
due  to  stray  currents.  I  have,  however,  in  England,  in  only  the  last 
few  weeks,  come  across  three  separate  places  where  trouble  from  net- 
works of  trams  is  beginning  to  show.  In  two  of  these  cases  the 
damaged  cables  are  the  property  of  munidpalities  supplying  only 
alternating  current,  which  made  it  all  the  more  aggravating  to  the 
borough  engineers  concerned. 

The  higher  the  current  density,  the  greater  the  effect  of  electro- 
l3rsis.     This  has  a  most  important  bearing  on  cable  systems.     Con- 
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sideling  the  solid  system,  here  we  have  the  lead  well  insulated  except 
at  the  bridges.  Water  is  apt  to  creep  between  the  bridges  and  the 
bitumen,  with  the  result  that  here  and  there  the  insulation  at  these 
points  breaks  down,  and  if  there  are  stray  currents,  owing  to  the 
insulation  of  the  rest  of  the  system,  we  get  high  current  densities  at 
these  points  and  aggravated  troubles.  For  this  reason,  soUd  systems 
must  be  frequently  and  carefully  earthed.  The  same,  of  course,  applies 
to  a  conduit  system  in  which  one  cannot  rely  on  the  joints  being 
watertight.  An  engineer  told  me  the  other  day  that  the  first  time  he 
employed  metal  bridges  he  experienced  great  trouble,  the  reason 
being  that  he  had  neglected  to  provide  other  earths,  as  he  had  con- 
sidered the  metal  bridges  good  enough.  Of  course,  the  earthing  pro- 
vided by  the  bridges  being  very  poor,  he  had  to  put  matters  right  by 
carefully  earthing  as  usual. 

Dr.  £.  Rosenberg  :  I  was  very  glad  to  find  in  the  paper  actual 
figures  as  to  the  electrolytic  action  of  alternating  current.  Once  I 
had  occasion  to  see  the  effect  of  electrolytic  corrosion  in  the  bearing 
of  a  3-phase  slip-ring  crane  motor  with  a  2-phase  armature,  the  neutral 
point  of  which  was  connected  to  the  shaft.  When  in  the  metallic 
starter  by  a  chance  a  point  of  the  resistance  was  earthed,  the  current 
flowing  through  the  body  of  the  crane  and  through  the  bearing  to  the 
shaft  wore  out  shaft  and  bearing  rather  quickly.  I  was  surprised  that 
the  lubricating  oil  did  not  insulate,  but  found  that  some  qualities  of 
oil  on  the  market  have  so  much  acid  that  electrolysis  takes  place  in  a 
rather  unexpected  degree. 

I  see  that  Professor  Gee  accepts  the  theory  that  the  insulating 
action  of  an  aluminium  cell  (passivity)  is  due  to  a  film  of  aluminium 
oxide ;  I  have  heard  also  of  the  theory  that  the  effect  is  not  due  to  the 
metal  oxide  but  to  the  accumulation  of  oxygen  gas. 

With  regard  to  stray  currents,  the  rules  of  the  German  Institution 
of  Electrical  Engineers  mentioned  in  Professor  Gee's  paper  were  not 
accepted  by  the  Society  of  Gas  and  Water  Experts,  and  both  Societies 
have  now  formed  a  committee  to  investigate  the  matter  by  experiments 
and  researches  before  new  rules  are  issued. 

Professor  Gee  (in  reply)  :  With  respect  to  Mr.  Watts'  remarks  about 
commercial  concrete,  I  started  with  commercial  concrete,  and  I 
obtained  such  inconsistent  results  that  I  thought  it  would  be  wiser 
to  use  standard  materials.  The  subject  in  course  of  investigation  is 
really  the  resistances  of  porous  materials,  especially  in  connection  with 
electrical  endosmose.  One  point  which  gives  difficulty  is  the  surface 
drying.  This  may  be  very  rapid,  causing  the  resistance  of  the  whole 
block  to  appear  to  be  extremely  high,  whereas  the  inside  is  wet  and 
of  low  resistance.  I  think  Mr.  Cunliffe  has  hit  upon  a  very  profitable 
line  of  work  in  finding  the  conductance  effects  in  the  earth,  and  I  am 
hoping  that  the  methods  of  Mr.  Butterworth  may  help  him  to  be  able 
to  solve  some  of  these  problems. 

I  was  interested  in  seeing  Professor  Schwartz's  sample  of  alloy.  I 
believe  it  is  chiefly  an  alloy  of  potassium  and  sodium  that  is  produced 
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by  the  direct  ckUiui^iit  of  tbe  sits  m  tbe  soiL  Dr.  Mvcfaant  has 
pointed  oat  tbat  tbe  Icakagt  bom  ^s  BBaias  is  probdUy  the  canse  of  ^^^ 
ipany  r%piosoos  in  mans.  I  sboold  bfee  to  coosider  farther  aboot 
the  msting  of  iron  dae  to  die  occhrfrd  carboo-<fioside.  We  onist 
remember  that  the  carbooHfiopde  ks  probably  m  a  dry  cooilUkMi, 
We  most  hare  it  with  moistare  to  form  an  electrolyte. 

Ultb  rc^vd  to  tetmimi  roUxgt  I  am  well  aware  of  the  importance 
of  this  quantitf,  bat  cmmmi  d^mstty  mfmi  pfars  an  important  rvle  in 
many  phenomena,  as  is  especafly  evident  wticn  the  electro-depositioo 
of  mctab  is  coiwidercd.  Reaction  Tclocitirs  can,  of  coorsc,  be  dcdnced 
from  mass  actions^  tiat  we  omst  not  assome  too  hastily  that  all  the 
actions  are  electrolytic.  There  is  a  school  of  physical  chemists  in 
America  wtio  have  shown  that  the  rale  of  solotioa  of  metals  does  not 
depend  on  the  coodnctirity  in  the  case  of  certain  solntioos  (see  the 
references  given  in  the  paper  in  connection  with  Section  XVI.;.  The 
aside  fifan  that  Mr.  Cramp  has  noticed  seems  to  be  wcU  worthy  of  in- 
Tcstigition,  and  the  action  of  electric  beating  and  pressure  in  pro> 
docing  oxides  may  be  important.  Mr.  Pdrter  said  that  we  were  perhaps 
too  optimistic  aboot  corrosion  in  this  coontry.  Certainly  the  rapidly 
increasing  nse  of  electricity  in  fighting  and  traction  systems  in  which 
both  direct  and  attcmating  currents  are  used  may  gire  us  trouble  in 
the  immediate  f otnre.  I  therefore  hare  rrcommmded  in  my  paper 
that  it  woold  be  desirable  to  know  something  aboot  the  conditions  in 
the  Metropolis.  It  may  be  nrceiwary  to  make  some  modifications  in 
the  Board  of  Trade  Regulations,  ^\lth  reference  to  altemating  cnr- 
rents»  it  is  quite  possible,  and  first  experiments  show  that  it  »  more 
than  possible,  that  alternating  cnrrent  may  get  rectified  in  tbe  earth. 
About  the  cause  of  passirity,  I  have  read  numerous  researches  on  the 
subject.  Leblanc  attributes  it  to  a  sman  speed  of  ionisatioo  velocity, 
tmt  its  cause  »till  remains  obscure. 
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The  evolution  of  the  continuous  current  electric  motor  during  the 
last  fifteen  years  has  resulted  in  a  gradual  decrease  in  size  for  any 
given  output,  without  loss  of  efficiency.  The  smooth  ring  wound 
armatures  have  been  replaced  by  slotted  drum  wound.  The  clearance 
between  the  pole-face  and  the  armature  is  now  comparatively  very 
small,  and  the  armature  notches  are  wide,  necessitating  laminated  pole- 
faces.  The  length  of  the  armature  is  shorter  in  proportion  to  its 
diameter. 

In  consequence  of  these  changes  the  magnetic  flux  in  the  air-gap 
has  been  raised  from,  say,  4,000  lines  per  square  centimetre  to  10,000  or 
12,000.  At  the  same  time  the  ampere-turns  on  the  magnets  have  been 
decreased  and  the  magnetic  leakage  reduced  to  say  ^^  to  i  of  that  of  the 
old  ring-wound  motors.  The  carbon  brushes  now  run  sparklessly  in, 
or  nearly  in,  the  middle  position,  unaffected  by  reactance-voltage  or  by 
large  field  distortion. 

The  modern  4-pole  motor  is  at  a  disadvantage,  compared  with  the 
old  2-pole  motors  with  copper  brushes,  in  respect  of  dissipating  the 
heat  produced  in  working. 

The  heat  produced  in  the  armature  and  shunt  winding  is  no  greater 
than  of  old.  The  heat  produced  by  losses  in  the  teeth  and  armature 
discs  is  serious,  with  a  dense  magnetic  flux  in  the  air-gap ;  and  can 
only  be  kept  within  reasonable  bounds  by  a  moderate  surface  speed  of 
armature. 

The  heat  due  to  the  carbon  brushes  is  considerable  with  low 
voltages.  With  a  surface  speed  of  1,500  ft.  per  minute  the  loss  due  to 
friction,  and  the  loss  in  volts  between  the  carbon  and  copper,  may 
easily  be  equal  to  from  ij  to  i  j  watts  per  ampere  per  brush. 

The  heat  thus  produced  can  only  be  dissipated  as  follows  : — 

1.  By  heating  the  motor  itself. 

2.  By  radiation. 

3.  By  conduction  to  a  flow  of  cool  air,  that  is,  by  ventilation. 

It  is  impossible  to  separate  these  cooling  effects  by  ordinary 
observation,  but  some  assistance  may  be  given  by  the  following  table, 
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which  shows  for  a  series  of  motors  aa  assumed  average  weight,  cooling 
surface  and  loss  of  watts.  These  data  are  foimded  on  an  actual  set  of 
standard  motors. 

There  are  also  tabulated  the  square  inches  of  cooling  surface  per 
watt ;  the  time  the  motor  would  require  for  a  rise  of  72*  F.  (40P  C.)  in 
temperature,  assuming  that  no  heat  escaped  elsewhere ;  the  cubic  feet 
of  cool  air  per  minute  that  would  be  required  to  prevent  the  rise 
of  temperature  exceeding  72^  P.,  also  assuming  that  the  escaping  air 
were  heated  36°  F^  and  that  no  heat  escaped  elsewhere. 
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The  relative  change  of  these  values,  as  the  size  of  the  motor 
increases,  may  be  seen  from  Fig.  i. 

From  this  it  may  be  inferred  that  the  heating  of  the  motor  itself  is 
of  practical  value,  when  a  motor  works  intermittently,  a^i  in  a  crane  or 
a  hoist,  say,  not  running  more  than  20  minutes  per  hour  fully  loaded. 

Radiatum,--\i  will  l>e  seen  that  the  cooling  surface  per  watt  of 
motor  under  5  H.P.  is  nearly  double  that  of  motors  over  50  H. P. 
The  difference  in  the  effectiveness  of  the  cooling  surface  is  far  greater. 
For  the  hotter  air  inside  the  larger  enclosed  motor  is  near  the  top,  the 
bottom  of  the  motor  remaining  markedly  cooler  and  therefore  the 
radiating  surface  less  active.  Also  the  magnet  case  may  l>e  three  or 
(pur  times  as  thick  in  the  larger  motor,  rendering  the  escape  of  heat 
from  the  metal  proportionately  less. 

Thus,  although  2*5  to  2-0  sq.  in.  of  radiating  surface  per  watt  lost 
may  suffice  for  small  enclosed  motors  considerably  more  would  be 
necessary  to  keep,  say,  a  5o*H.P.  enclosed  motor  equally  oooL 
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In  order  that  radiating  surfaces  be  most  efficient  they  must  be 
opposite  to  cool  surfaces,  as  all  surfaces  radiate  heat  in  all  directions. 
If  there  be  a  steam  or  gas  engine  or  wall  of  a  boiler-house  near  the 


motor  the  effective  radiation  on  that  side  of  the  motor  will  be  partly 
neutrahsed  although  the  intermediate  air  may  be  cooL 

When  an  enclosed  motor  is  required  of  more  than,  say,  3  H.P.,  the 
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usual  means  of  obtaining  the  requisite  cooling  surface  is  to  take  a 
motor  of  larger  size  and  reduce  the  output,  the  armature  current  being 
reduced — and  therefore  the  armature  reaction — and  also  the  flux  density 
in  the  air  space  and  ampere  turns  in  the  poles.  This  reduces  the  heat 
due  to  losses  in  the  copper  and  still  more  the  heat  due  to  core  losses. 
By  such  means  the  total  heat  losses  are  reduced  until  the  cooling 
surface  per  watt  of  the  larger  motor  is  sufficient  for  the  diminished 
outputs. 

This,  however,  makes  a  costly  motor  for  continuous  working,  even 
for  moderate  powers;  a  20-H.P.  motor  wholly  enclosed  may  0ve 
10  H.P.  at  a  passable  temperature,  but  a  30-H.P.  motor  would 
scarcely  give  15  H.P.  for  the  same  temperature  rise. 

A  more  economical  arrangement  for  an  enclosed  motor  is  to  place 
an  open  motor  that  may  be  fully  loaded  under  a  thin  sheet-iron  cover 
with  ample  inspection  doors.  This  has  been  found  convenient  and 
satisfactory  in  flour  mills,  the  case,  though  merely  resting  on  the  floor, 
txing  practically  dust-proof  and  inexpensive.  The  cover  must  bo 
roomy  because  the  heated  air  remains  in  the  upper  part  of  the  cover, 
the  lower  part  remaining  cool,  and  therefore  ineffective  as  a  heat 
radiator. 

Examples  of  open  motors  working  satisfactorily  fully  loaded,  phlced 
in  large  covered  recesses  below  the  ground  floor,  and  also  enclosed  in 
what  might  be  compared  to  large,  roomy  wooden  cupboards,  are  to  be 
found  in  our  clothing  factories,  many  of  which  are  driven  by  electric 
motors  throughout. 

Veniilation.^The  cubic  feet  of  air  required  to  keep  the  temperature 
rise  l>elow  72^  is  probably  not  less  than  the  quantity  tabulated,  viz., 
about  9  cub.  ft.  per  horse-power  per  minute  for  the  smaller  motors 
under  10  H.P.,  and  about  5  cub.  ft.  per  horse-power  per  minute  for 
motors  over  30  H.P.  Experience  shows  that  large  open  motors  working 
to  their  full  load  can,  by  the  aid  of  ventilation  and  radiation,  be  kept 
within  the  limits  of  72°.  But  when  wholly  enclosed  they  can  only  be 
kept  cool  by  forced  draught  From  rough  estimation  it  seems  that 
at  least  double  the  quantity  of  air  per  minute  b  then  required. 

Electric  motors,  viewed  in  regard  to  their  means  of  cooling,  may 
be  divided  into  eight  classes. 

I.  Entirely  open,  having  their  bearings  usually  on  a  bed  plate  which 
carries  the  magnets.    Suitable  for  large  motors,  say,  over  100  H.P. 

a.  Protected  open,  the  bearings  carried  by  open  covers  at  each  end 
of  the  magnet  case.  This  is  the  ordinary  modern  motor,  say,  from 
100  H.P.  to  2  H.P. 

3.  Enclosed  ventilated.  The  same  as  No.  3,  but  with  the  openings 
covered  by  wire  net  or  perforated  metal.  These  are  used  in  factories 
where  the- open  motor  is  assumed  to  be  less  safe.  If  the  mesh  be  not 
less  than  4  per  inch  the  ventilation  is  not  much  interfered  with,  but  if 
the  mo&h  be  much  less  not  only  is  the  ventiUtion  much  impeded,  but 
the  wire-work  is  apt  to  become  choked  with  dust  and  fluff,  and  the 
safety  of  the  motor  endangered. 
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4.  Same  as  No.  2  or  No.  3,  but  with  a  forced  ventilation  by  means 
of  a  fan  on  the  armature  and  a  diaphragm  or  its  equivalent  to  divide 
the  fan  suction  from  the  delivery.  This  is  necessary  in  an  exceptionally 
warm  place. 

5.  Totally  enclosed.  These  are  required  for  special  purposes,  and 
usually  necessitate  a  considerable  reduction  in  the  output. 

6.  Covered  motors.  The  same  as  No.  2  fully  loaded,  but  covered 
by  a  roomy  thin  sheet-iron  case,  practically  dust-proof,  with  openings 
for  oiling  and  inspecting  the  brushes,  the  pulley  standing  outside  the 
case. 
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7.  Open  covered  motors.  The  same  as  No.  6,  but  with  a  smaller 
cover  made  wholly  or  in  parts  of  fine  wire  netting.  The  large  area  of 
wire-work  prevents  the  tendency  of  any  draught  to  cause  the  fine 
mesh  to  get  clogged,  and  the  motor  fully  loaded  would  be  as  cool 
as  if  unenclosed.  This  is  specially  adapted  to  textile  mills  where 
floating  fluff  is  found. 

8.  Totally  enclosed,  but  with  forced  ventilation  like  No.  4.  This 
is  necessary  (a)  when  the  motor  is  working  in  fumes  very  injurious 
to  the  motor,  fresh  air  being  sucked  into  the  motor  from  a  pure  source 
through  a  pipe  and  discharged  near  the  motor ;  (6)  when  the  motor 
may  be  surrounded  by  inflammable  gases,  as  sometimes  in  mines,  the 
same  air  being  circulated  again  and  again  through  the  motor  and  a 
cooling  arrangement.  Total  enclosure  with  forced  ventilation  has  been 
used  to  cool  very  large  dynamos,  cool  air  being  drawn  from  outside  the 
dynamo  house  and  hot  air  discharged  also  outside. 
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The  examples  given  in  Table  11*  of  the  rise  of  temperature  in  motors 
open  and  enclosed  are  taken  from  records  of  ordinary  tests  in  the 
workshop. 

The  motors  were  of  the  usual  type,  with  decarbonised  stool  cases 
and  laminated  poles,  the  induction  in  the  poles  being  from  I3,5(X) 
to  14,50a 

In  most  of  the  tests  the  motors  drove  another  motor  running  as  a 
dynamo  whose  current  helped  to  drive  the  motor.  Full  pariiculam 
were  taken  every  half-hour  l>esides  occasional  temperature  observations. 
All  these  are  omitted  so  as  to  confine  attention  as  briefly  as  posniblo  to 
the  rise  of  temperature. 

The  rise  in  temperature  with  the  same  motor  with  the  same  Umd  in 
a  given  time  is  usually  greater  when  the  temperature  of  the  atmosphere 
is  higher.  The  rise  in  the  temperature  of  the  commutator  in  a  given 
time  under  similar  conditions  can  be  considerably  varied  by  differences 
of  pressures,  width  and  quality  of  the  carbons,  the  t)cst  results  being 
determined  by  experiment. 

All  the  above  mptors  had  4  poles.  The  particular  figures  of  these 
tests  apply  only  to  the  motors  tested,  but  they  are  in  general  agreement 
with  tests  of  other  motors. 

They  show  the  reduced  power  permissible,  if  a  motor  t>e  totally 
enclosed  and  continuously  loaded.  Below  3  H.P.  the  loss  of  power 
may  be  inconsiderable.  But  a  20-H.P.  open  motor  when  toLilly  enclojiod 
is  but  little  more  than  equal  in  power  to  a  lo-H.P.  open  motor.  In 
the  above  table  it  is  shown  that  a  50- H.P.  open  motor  could  only  give 
3I-H.P.  with  a  permissible  temperature  of  commutator.  To  obtain  the 
minimum  temperature  with  the  reduced  output  the  winding  had  been 
specially  arranged. 

In  ^ort,  whilst  the  power  of  a  modern  open  motor  is  chiefly  a 
function  of  its  magnetic  flux,  when  totally  enck)sed  the  power  l>ecomes 
a  function  of  the  area  of  its  casing,  considerably  influenced,  however, 
by  its  environment,  that  is,  by  the  exchange  of  radiated  heat  with  its 
surroundings,  or  the  motion  of  the  surrounding  air. 

The  increased  heating  due  to  totally  enclosing  a  Urge  open  typo 
motor  is  strikingly  shown  by  the  following  experiments  and  incidentally 
the  increased  iron  losses  due  to  high  speed. 

The  motor  was  designed  for  60  H.P.  at  1,000  revs,  per  minute  in 
the  magnet  case  of  aso-H.P.  motor  at  600  revs,  per  minute.  The  venti- 
lating slots  around  the  periphery  of  the  end  covers  were  at  first  closed. 
This  had  been  proved  greatly  to  interiere  with  the  ventilation  of  a 
large  motor  because  a  cylinder  of  hot  air  collects  around  the  inside  of 
the  motor  although  tx>th  ends  are  open. 

The  armature  wasof  the  usual  type  diameter  4x0  mm.,  air-gap  3  mm. 
Slots  48,  size  12  X  30  mm.  The  discs  (which  had  the  usual  core  hole») 
rested  on  the  shaft  4  diameter.  The  magnetic  flux  was  reduced  about 
15  per  cent,  as  compared  with  the  standard  for  600  revs,  per  minute. 

The  armature  was  at  first  driven  by  bolt  from  another  smaller  motor 
and  the  amperes  noted.    On  running  the  armature,  fully  wound,  but 
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with  the  magnets  only  excited,  it  was  at  once  noticed  that  the  increase 
of  current  on  the  small  motor  due  to  exciting  the  magnets  of  the  60  H.P. 
was  much  more  than  anticipated  and  that  the  armature  rapidly  heated. 
A  series  of  progressive  tests  was  then  made  to  determine  the  iron 
losses.  The  results  are  shown  in  Fig.  2.  These  curves  can  only  be 
approximate  representations  of  the  true  iron  losses  as  they  include 
other  losses  which  could  not  be  measured.  A  similar  armature  but  un- 
wound was  substituted  and  the  tests  for  heating  repeated  with  the  same 
results. 
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Fig.  2. 


Iron  losses  in  C.  500  armature  at  different  periodicities. 

Discs  thickness  26  S.W.G.  (jix..  Standard  wire  Gauge  =  18  mils.)  =  o  45  millimetre.  They  a 
coated  with  "  Insuline  "  and  rest  on  the  shaft. 
Weight  of  armature  core,  81  kilogrammes. 
Weight  of  armature  teeth,  ai  kilogrammes. 
Mean  section  through  teeth  under  pole-face  section  through  core  »  07. 


The  stampings  were  by  Messrs.  Sankey  with  "  Insuline  "  paint  on 
them. 

The  unwound  armature  was  stripped  and  rebuilti  the  stampings 
equally  spaced  by  10  sheets  of  tracing  paper.  On  again  testing,  there 
was  no  noticeable  improvement. 

The  armature  discs  were  again  removed,  bored  and  fixed  on  a  gun- 
metal  bush — the  end  plates  for  supporting  the  end  winding  were  turned 
thinner  and  the  cylindrical  part  for  supporting  ends  of  the  windings 
were  made  shorter  and  thinner.  The  end  plates  were  also  separated 
from  the  stampings  by  paper  discs.  This  made  a  slight  improvement 
after  2  hours*  run  with  air  at  60^^  P.,  the  rise  of  temperatm^  in  the 
slots  was  54  and  in  the  centre  of  the  core  66. 
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The  heating  being  evidently  due  to  the  discs  themselves,  Blessrs. 
Siuikey  were  written  to  and  they  sent  their  corves  lor  the  iron  losses 
which  gave  no  calculated  agreement  with  facts.  Finally  the  armature 
was  rebuilt  with  Stalloy  stampings  and  tested  unwound,  but  with  the 
slots  filled  with  wood  and  the  magnets  excited. 

The  results  are  shown  in  Fig  5. 

The  rise  of  temperature  in  2  hours  was  8**  F.  less  than  before,  show- 
ing a  slight  advantage  over  ordinary  stampings. 

The  armature  was  wound  and  a  fan  fitted  to  the  end  of  the  arma- 
ture to  circulate  the  air  inside.  It  was  then  tested  as  a  totally  enclosed 
motor,  with  a  load  of  58  H.  P.  for  5  hours,  with  the  folio  wing  results  : — 

Rise  of  commutator  iii^ 
Fields  coils  88''. 

It  was  again  tested  totally  enclosed  for  8  hours,  but  with  a  stop  of 
8  to  10  minutes  every  hour  (after  the  first  4  hours)  to  take  temperatures. 
Load  59  H.P. 

60- 


50 


Pi;  40 
«> 


10; 


ntr- 1 ' -* 


Commutator 


o  Hours.    12345 
Fig.  3.— Heating  on  Test  60-H.P.  Motor,  x.ooo  revs.,  Unloaded,  Partly  Open. 

The  final  temperature  rises  were  (air  at  70"  F.) :  commutator  170, 
armature  149,  field  coils  125,  air  inside  105.  There  was  not  much 
increase  of  temperature  after  the  first  4  hours,  but  the  temperatures 
then  were  impracticable. 

The  fan  was  then  removed  and  the  motor  ran  at  59  H.P.  as  an  open 
motor  for  8  hours  with  the  ventilating  slots  on  the  periphery  of  the  end 
covers  also  opened ;  the  final  temperature  rise  with  the  air  at  63"  to  69° 
was :  comnmtator  58**,  field  coils  48*,  armature  68"  F.  (see  Fig.  4). 

It  will  have  been  noticed  from  Table  II.  that  the  50-H.P.  motor 
tobdly  enclosed  at  about  450  revs,  per  minute  keeps  reasonably  cool  with 
30*5  H.P.  This  power  probably  would  be  the  working  limit  at  standard 
speed.  The  cooling  surface  of  the  totally  enclosed  motor  per  watt  lost 
should  be,  apparently,  not  less  than  3H0  4  sq.  in. ;  but  this  depends  on 
ootside  ventilation.  On  long  tests  the  temperatures  have  often  been 
known  to  go  down  after  3  or  4  hours,  due  apparently  to  draughts  caused 
through  opening  doors. 

Vol.  41.  83 
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The  heating  of  the  armature  at  high  speeds  beyond  that  given 
by  the  usual  formula  may  be  in  part  explained  by  the  formula  being 
founded  on  experiment  that  might  be  indicated  by  sine  curves,  whereas 
curves  indicating  the  flux  changes  in  the  teeth  and  armature  would 
be  irregular,  and  show  a  greater  maximum  and  far  greater  rapidity  of 
change,  at  parts  of  a  complete  period. 

Many  measurements  of  temperature  have  been  taken  at  intervals 
of  I  to  2  hours,  necessitating  stopping  the  motor  tested  for  5  to  10 
minutes.  On  attempting  to  plot  curves  from  these  measurements 
showing  the  rise  of  temperature,  it  was  obvious  that  there  was  a  fall  of 
temperature  during  each  interval,  especially  in  small  motors,  render- 
ing the  results  of  the  test  useless  for  the  purpose  intended. 

The  convex  curve  (Fig.  5)  shows  the  gradual  rise  to  a  maximum 
temperature  of  an  overloaded  field  coil  of  a  dynamo  (without  an  arma- 


onours      12  3  4  5  6 

Fig.  4. — Heating  on  Test  59-H.P.  1,080  Open  Motor. 


ture)  and  the  concave  curve  the  shorter  interval  of  time  to  reduce 
the  higher  temperature  after  the  current  is  cut  off. 

Thus  in  this  curve  if  any  line  A  B  C  D  be  drawn  A  B  represents  the 
time  required  to  rise  to  a  particular  temperature  B  E  (measured  outside 
the  coil)  and  C  D  the  time  to  cool.  For  the  higher  temperature  which 
illustrates  practical  work  C  D  is  small  compared  with  A  B. 

The  dotted  line  shows  the  average  internal  temperature  calculated 
from  the  reduced  current  as  the  temperature  rose.  The  coil  was 
fully  exposed  to  the  air,  and  it  was  noticed  that  the  temperature 
between  the  coil  and  the  magnet  ring  was  the  same  as  outside  the 
magnet  ring  near  the  pole.  In  enclosed  motors  the  outside  of  the 
case  may  at  times  be  20"  F.  cooler  than  the  magnet  coils  inside. 

The  great  advantage  of  intervals  of  light  or  no  load  in  the  cooling 
of  loaded  motors  may  be  roughly  judged  from  Fig.  6,  which  explains 
why  heavy  overload  can  be  borne  with  intermittent  work  without 
undue  heating,  as  in  crane  motors. 
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This  adranUgeous  ooolmg  with  intemutlciil  looub  can  only  be 
obtained  when  there  is  a  cooskkrabic  difference  ol  temper aturc  between 
that  of  the  air  and  the  highest  permissible  of  the  motor.  If  the 
air  be  very  warm,  so  that  this  diff^nce  is  comparatively  small,  the 
motor  gets  hot  in  less  time  than  it  cools.  It  will  be  seen  on  Fig.  5 
that  GH  is  less  than  KL. 

It  has  often  been  noticed  how  a  comparative  small-  opening  in  a 
metal  cover  or  (Class  6)  enclosing  an  open  motor  woold  reduce 
the  temperature.  If  the  escaping  air  had  a  temperature  of  72"  F. 
only  I  the  quantity  given  in  tat>le  would  suffice  to  cany  off  |  of  the 
hea^  and  if  the  velocity  were  only  2  ft.  per  second  a  moderate  opening 
would  suffice. 

It  may  be  noticed  that  there  is  no  such  thing  as  a  gas-tight  motor, 


Fig.  5.— Heating  and  Cooling  of  a  Magnet  Coil. 

even  if  the  shaft  worked  through  a  stuffing  box.  The  expulsion  of, 
say,  15  per  cent,  of  the  enclosed  atmosphere  when  it  was  heated  and 
the  entiy  of  the  same  amount  of  gaseous  air  from  the  outside  on 
cooling  would  cause  the  average  condition  of  the  atmosphere  outside 
and  inside  soon  to  be  similar.  Tojenclose  a  motor  tightly  to  keep 
out  noxious  gases  is  a  delusion.  Time  forbids  any  detailed  account  of 
experience  with  the  various  ways  of  protecting  motors. 

In  an  explosive  atmosphere  they  must  be  totally  enclosed  and  strong 
enough  to  withstand  an  internal  explosion  as  made  by  the  author 
for  a  mine  some  eighteen  years  ago. 

Experience  with  open  motors  exposed  to  various  noxious  chemical 
fumes  shows  that  although  the  motor  s  appearance  may  be  spoiled 
and  soldered  joints  affected,  3rct  the  motors  last  so  long  that  it  is 
better  to  let  them  wear  out  and  buy  new  ones  rather  than  put  up 
with  the  troubles  from  enclosing  them. 

In  the  author's  opinion  the  reasons  given  for  totally  enclosing  any 
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but  very  small  motors  (Class  5)  are  usually  mistakes.  In  the  case 
of  insurance  risk  they  tend  to  defeat  the  object  in  view. 

In  nearly  every  place  where  power  is  required  for  manufacturing, 
open  motors  may  be  used  and  easily  protected  against  the  real  or 
supposed  dangers  of  its  particular  environment* 

Enclosed  motors  with  a  current  of  air  forced  through  them  either  by 
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Hours. 


Fig.  6. — Intermittent  Load. 


means  of  a  fan  or  chimney  may  be  considered  as  open  motors  so 
far  as  heating  is  concerned. 

In  order  that  a  continuous-current  motor  may  give  the  least 
trouble,  it  is  important  that  the  arrangement  be  such  as  to  keep 
the  commutator  as  cool  as  possible  and  vice  versa. 

The  conclusion  is  that  totally  enclosed  motors  (Class  5)  arc  under 
great  disadvantages,  and  in  general  their  use  can  be  avoided. 


Mr. 
Churton. 


Discussion. 

Mr.  T.  Harding  Churton  :  It  is  a  familiar  fact  that  an  electric 
motor,  in  common  with  any  other  apparatus  that  converts  energy  from 
one  state  to  another,  becomes  heated  in  the  process,  and  the  question 
before  us  relates  to  the  effect  of  this  upon  the  temperature  of  the  motor 
under  different  conditions  which  affect  the  rate  at  which  the  heat  is 
dissipated.  The  quantity  of  heat  applied  is  the  equivalent  of  the  watts 
lost  in  the  motor,  and  the  temperature  to  which  this  quantity  of  heat 
will  raise  the  mass  depends  upon  the  length  of  time  that  it  is  applied, 
upon  the  specific  heat  of  the  materials,  and  upon  the  rate  at  which  the 
heat  is  dissipated  from  the  motor  by  radiation  and  conduction.  On 
a  uniform  load  the  temperature  will  rise  until  the  rate  at  which  the 
heat  is  dissipated  equals  the  rate  at  which  it  is  generated,  when  it  will 
remain  constant  so  long  as  the  same  conditions  prevail. 

If  the  motor  is  enclosed  all  the  heat  must,  of  course,  be  radiated  or 
conducted  from  the  exterior  of  the  case.  If,  however,  the  interior  also 
of  the  motor  is  exposed  to  relatively  cold  air,  the  heat  is  more  quickly 
carried  off  by  the  air  ;  and  the  more  rapidly  the  air  is  changed,  that  is 
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to  say,  the  more  perfectly  that  the  motor  is  ventilated,  the  more  quickly  H[v^^ 
is  the  heat  of  the  mo^or  got  rid  of,  and  consequently  the  lower  is  the 
temperature  attained. 

With  regard  to  Table  I.  the  6gures  given  appear  to  have  but  little 
practical  value,  at  all  events  without  further  explanation.  In  the  pre- 
ceding paragraph,  with  reference  to  the  time  in  which  the  temperature 
woold  rise  72^  F.,  what  is  the  meaning  of  the  words  "assuming  that 
no  heat  escaped  elsewhere  **  ?  Does  this  mean  other  than  from  th^ 
exterior  of  the  frame,  as  in  the  ordinary  case  of  an  enclosed  motor, 
and  if  so,  have  these  results  been  checked  by  actual  experiments? 
It  is  a  simple  matter  to  calculate  through  how  many  degrees  of 
temperature  a  given  mass  of  material  of  given  specific  heat  will 
be  raised  by  the  application  of  a  definite  quantity  of  heat  in  a  given 
time.  But  the  essence  of  the  matter  under  discussion  is  really  as  to  the 
rate  at  which  the  heat  of  the  motor  is  got  rid  of  under  various  condi- 
tions which  commonly  obtain  in  practice. 

With  regard  to  the  ratio  of  horse-power  and  area  of  enclosed  motor 
surface,  this  is  not  only  a  matter  of  design,  but  is  largely  dependent 
upon  the  speeds  of  the  motors ;  the  slower  the  speed,  the  larger  must 
be  the  motor,  and  consequently  the  greater  area  per  horse-power  and 
generally  per  watt  lost.  For  example,  a  50-H.P.  motor  at  1,000  revolu- 
tions per  minute  would  be  a  much  smaller  machine  than  one  of  the 
same  horse-power  at,  say,  200  revolutions  per  minute,  and  though  the 
watts  lost  at  the  lower  speed  would  usually  be  somewhat  greater  than 
at  the  higher  speed  (that  is  to  say,  the  efficiency  at  the  low  speed  would 
usually  be  lower  than  that  at  the  high  speed,  though  not  necessarily 
so),  yet  the  difference  would  not  be  nearly  so  great  as  the  difference  in 
the  areas  of  the  motor  cases,  and  consequently  there  would  be  a  greater 
area  per  watt  lost  at  the  low  speed  than  at  the  high  speed. 

Now  with  regard  to  the  paragraph  at  the  bottom  of  page  491,  the 
figures  for  the  radiating  surface  per  watt  lost  in  small  enclosed  motors 
are  confirmed  by  results  I  obtatined  from  a  5-H.P.  2-phase  induction 
motor,  50-00  loo-volt,  6-pole,  short-circuited  rotor ;  running  at  5  H. P.  as 
an  open  motor  the  temperature  rise  was  64°  F.  The  motor  was  then 
run  at  the  same  power  totally  enclosed,  when  the  temperature  rose 
7$°  F.  in  one  hour,  and  reached  120^  F.  rise  in  four  hours,  at  which  it 
remained  constant.  In  this  case  the  radiating  surface  was  equal  to 
1-65  sq.  in.  per  watt  lost,  or,  at  this  temperature  rise,  heat  was  being 
given  off  at  the  rate  of  5  B.TIlU.  per  square  foot  per  minute.  The 
motor  was  then  run  at  3*25  H.P.,  a  reduction  in  power  of  35  per  cent., 
the  radiating  surface  being  2*35  sq.  in.  per  watt,  which  resulted  in  a 
rise  of  82^  F.,  the  heat  dissipated  t)eing  3*49  B.Th.U.  per  square  foot 
per  minute.  But  the  results  which  I  have  ot>tained  in  hu-ger  motors  do 
not  accord  with  Mr.  Hartnell's.  In  the  case  of  a  3-phase  induction 
motor,  25-ro  500- volts,  which,  as  an  open  machine,  gives  60  H.P.  at 
480  revolutions  per  minute,  was  run  at  34  H.P.  totally  enclosed  at  the 
same  speed ;  the  radiating  surface  was  1*45  sq.  in.  per  watt«  and  the 
resulting  temperature  rise  on  a  six-hour  test  was  72*^  F. 
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Mr. 
Cburton. 


Mr. 
Chapman. 


I  should  explain  that  in  this  particular  test — on  four  similar  motors, 
each  giving  practically  the  same  results — the  hor^-power  was  measured 
by  the  output  of  a  dynamo  which  it  was  driving,  but  the  watts  lost  are 
estimated,  as  the  power  factor  was  not  observed.  There  may  there- 
fore be  some  slight  error  in  the  estimated  efficiency,  which  is  assumed 
to  be  0*85.  As,  however,  the  motor  was  giving  not  much  more  than 
half  normal  load,  the  efficiency  can  scarcely  be  much  higher,  though 
if  it  really  was  so,  it  would,  of  course,  make  the  area  per  watt  lost  a 
little  greater.'^  It  seems  to  me  that  if  an  enclosed  motor  is  run  long 
enough  at  constant  load  the  entire  surface  will,  in  the  absence  of  any 
disturbing  cause,  arrive  at  the  same  or  nearly  the  same  temperatiu-e, 
and  that  at  a  given  increase  of  temperature  above  that  of  the  surround- 
ing air,  other  things  being  equal,  heat  will  be  radiated  at  the  same  rate, 
irrespective  of  the  actual  size  of  the  surface.  For  this  reason  I  cannot 
endorse  Mr.  Hartnell's  statement  that  a  large  motor  requires  a  greater 
area  per  watt  lost  than  docs  a  smaller  motor  for  the  same  temperature 
rise. 

Now  with  regard  to  the  relation  between  the  capacity  of  a  motor 
open  and  enclosed.  It  is  stated  in  paragraph  2,  page  493,  and  in 
paragraph  6,  page  495,  that  a  motor  that  can  be  run  at  20  H.P.  open 
cannot,  on  account  of  heating,  be  run  continuously  at  more  than  about 
10  H.P.  when  enclosed.  But  in  making  this  general  statement  the 
effect  of  the  speed  of  the  motor  upon  the  comparison  has  not  been 
taken  into  account  As  I  have  already  pointed  out,  in  dealing  with  the 
ratio  of  horse-power  and  area  of  surface,  that  usually  the  area  per  watt 
lost  increases  as  the  speed  is  reduced,  consequently  the  difference 
which  is  made  in  the  effective  power  for  continuous  work  by  enclosing 
is  much  less  in  slow-  than  in  high-speed  motors. 

Table  II.  gives  some  comparative  results  in  horse-power,  speed,  and 
temperature  rise  obtained  from  certain  motors,  but  unfortunately  the 
watts  lost  in  each  case  and  the  radiating  surfaces  per  watt  lost  are  not 
given.  A  comparison  of  the  watts — or  rather  the  equivalent  in  calories 
or  B.Th.U.'s  per  minute — dissipated  and  the  temperature  rise  attained 
when  open  and  enclosed  would  be  in  fact  a  measure  of  the  efficiency 
of  the  ventilation  of  the  motor. 

I  should  remark  that  whereas  the  tests  from  which  I  have  taken  my 
figures  have  been  on  alternating-current  motors,  those  from  which 
Mr.  Hartnell  has  obtained  his  have  been  direct-current  machines. 

Mr.  F.  T,  Chapman  :  I  entirely  agree  with  Mr.  Hartnell's  conclusion 
as  regards  the  enclosing  of  motors.  I  think  by  protecting  them  in 
various  ways  we  protect  them  more  from  the  attendant  than  from 
anything  else. 

The  method  of  cooling  given  as  8  (b)  on  page  494  would  appear  to 
be  under  the  same  disadvantage  with  respect  to  gradually  drawing  in 
the  surrounding  gases  as  is  pointed  out  later  in  the  paper  in  the  case  of 


*  The  maximum  probable  error  would  make  this  1*6  sq.  in.  The  temperature  rise 
was  probably  aflFect^d  by  cold  draughts  in  the  engine-room  in  which  the  tests  were 
made. 


1908.]  AND  ENCLOSED  MOTORS:  DISCUSSION.  608 

an  ordinary  totally  enclosed  motor.  An  attempt  has  recently  been  Mr^ 
made  to  sptve  this  problem  by  the  use  of  the  ^ety  lamp  principle. 
The  gases  are  allowed  to  circulate  through  the  motor,  but  the  openings 
through  which  they  are  drawn  in  and  expelled  consist  of  tortuous 
passages  exposing  a  large  amount  of  cool  conducting  surface,  and  thus 
preventing  an  explosion  occurring  in  the  motor  from  igniting  the  gases 
outside. 

The  curves  given  in  Fig.  2  emphasise  the  impossibility  of  getting 
accurate  results  by  this  method  ;  for  instance,  at  B-25,000  the  difference 
between  the  loss  at  20  rv  and  that  at  26*5  is  greater  than  that  between 
26' s  and  35.  The  losses  at  these  high  densities  appear  to  be  practically 
proportional  to  the  square  of  the  density  and  to  the  square  of  the 
frequency,  and  must  be  almost  entirely  due  to  eddy  currents. 

The  watts  lost  per  square  inch  of  case  determine  the  rise  in  tempera- 
ture of  the  case  itself.  The  temperature  of  the  internal  parts  will  be 
higher  than  that  of  the  case  by  an  amount  which  depends  for  any  part 
on  the  watts  lost  in  it,  and  on  the  effective  conductivity  of  the  space 
between  it  and  the  case. 

Mr.  W.  B.  WooDHOUSE ;  Mr.  Hartnell's  tests  show  very  clearly  in  Mr 
Table  11.  the  variation  in  temperature  rise  of  different  parts  of  a  motor  *^  ^*^' 
when  open  and  when  enclosed.  They  suggest  the  unsuitability  of  a 
standard  open  type  motor  for  conversion  to  an  enclosed  one.  With 
an  open  type  motor  certain  parts  of  the  motor  are  kept  down  to  their 
working  temperature  by  the  windage.  When  the  motor  is  enclosed 
that  windage  no  longer  has  effect,  and  these  parts  of  the  motor  will 
get  unduly  hot,  and  eventually  the  whole  motor  will  heat  up  to  a  higher 
temperature.  One  is  inclined  to  agree  strongly  with  the  latest  practice 
in  dynamos— in  the  largest  ones,  at  any  rate — where  the  machine  is 
completely  enclosed,  but  provided  with  forced  ventilation,  the  air  t>eing 
drawn  in  from  outside  through  an  air  duct  and  delivered  through 
another  air  duct  to  the  outside  again.  This  is  treating  the  problem 
of  ventilation  scientifically,  while  the  older  method  is  a  somewhat 
haphazard  one. 

I  was  interested  to  notice  recently  a  description  of  an  installation  in 
a  textile  factory  where  a  large  numt>er  of  spinning  frames  were  driven 
by  totally  enclosed  motors.  The  motors  drew  air  from  a  ventilating  duct 
in  the  floor  in  direct  communication  with  the  outside  of  the  mill,  and 
discharged  the  heated  air  into  another  duct.  The  design  strikes  one  as 
being  a  very  good  one,  as  the  fluff  and  dust  fl>nng  about  does  not  get  to 
the  motor,  which  is  properly  and  uniformly  cooled. 

The  Are  insurance  offices  some  time  ago  issued  regulations  as  to 
the  enclosing  of  motors  in  textile  factories,  insisting  that  the  open-type 
direct-current  motor  was  dangerous  and  should  l>e  totally  enclosed,  but 
the  alternating-current  motor  need  only  be  enclosed  by  wire  netting 
or  perforated  sheets  with  i-in.  openings.  My  own  experience  is  that 
such  perforated  sheets  do  not  alter  the  rating  or  heating  of  the  motor 
at  aU. 

Professor  G.  D.  A.  Parr  :  The  author  mentions  on  the  first  page  the  Prof.  Pftn 
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Professor 
Patr. 


Mr. 
Cridge. 


Mr.  Mylan. 


improvements  made  in  motors  in  recent  years,  and  amongst  these 
it  is  pointed  out  that  magnetic  leakage  1^  been  reduced  to  a 
quarter  to  one-fifth  of  that  in  the  old  ring- wound  motors.  I  was  under 
the  impression  that  the  old  ring-wound  motors  had  a  leakage  coef&- 
cient  of  1*35  or  i'4,  and  I  was  not  aware  of  the  fact  that  the  present 
day  motor  could  be  made  with  any  smaller  leakage  coefficient  than 
1*15,  I  should  like  to  know  whether  that  is  a  misprint  or  whether  I 
am  in  error. 

At  the  bottom  of  page  491  he  states  although  2*5  to  2*0  sq.  in.  of 
radiating  surface  per  watt  lost  may  suffice  for  small  enclosed  motors, 
considerably  more  would  be  necessary  to  keep,  say,  a  50- H. P.  enclosed 
motor  equally  cool.  I  rather  think  this  must  be  a  mistake,  because  it  is 
in  direct  contradiction  to  the  last  figure  of  Table  I.  (column  4),  which 
states  that  the  cooling  surface  per  watt  lost  is  practically  2^  times  less 
in  a  loo-H.P.  motor  than  in  the  case  of  a  3-H.P.  motor.  It  is  possibly 
meant  that  the  total  amount  of  surface  must  be  more. 

On  page  497  he  refers  to  the  substitution  of  Stalloy  stampings  for  the 
ordinary  metal.  I  would  rather  like  to  know  whether  the  thickness  of 
these  Stalloy  stampings  was  the  same  as  that  used  on  a  previous  shaft 
in  the  test  alluded  to.  I  was  under  the  impression  that  Stalloy  gave  very 
good  results  as  regards  losses  in  it,  but  the  results  do  not  seem  to 
confirm  this. 

Mr.  A.  J.  Cridge  :  An  unusual  instance  of  the  heating  of  an  alter- 
nating-current motor  came  recently  before  my  notice.  The  manufac- 
turer— from  motives  of  economy  of  space,  perhs^s,  or  of  material — 
had  covered  the  stator  stampings  with  a  thin  sheet  of  iron,  held  in 
position  by  grooves  in  the  end  castings.  The  outside  of  the  motor 
became  very  hot,  and  the  user  sent  for  us  to  see  if  anything  was  wrong. 
It  was  found  that  the  temperature  of  the  sheet  varied  considerably  at 
different  points  on  it,  and  further,  that  the  temperature  of  the  windings 
was  much  less  than  that  of  the  outside.  We  therefore  assumed,  although 
we  had  no  direct  evidence,  that  the  heating  of  the  cover  was  due  to 
eddy  currents  in  the  thin  sheet.  I  do  not  think  this  solution  occurred 
to  the  manufacturer,  for  he  put  in  a  fan  at  one  end  of  the  motor, 
which  had  the  effect  of  cooling  one  side  and  leaving  the  other  as  hot 
as  ever.  It  also  had  the  effect  of  drawing  the  oil  out  of  the  bearings 
and  throwing  it  into  the  stator  windings. 

With  regard  to  the  enclosing  of  motors,  it  is  satisfactory  to  notice 
that  Mr.  Hart^ell  thinks  that,  as  a  rule,  it  is  useless.  Some  years  ago  a 
3-H,P.  induction  motor  was  installed  in  a  textile  factory,;and  the  insur- 
ance company's  representative  insisted  that  the  motor  should  be  entirely 
enclosed.  Apparently  the  danger  he  apprehended  was  sparking  at  the 
brushes,  which,  as  the  motor  was  of  the  squirrel-cage  pattern,  were,  of 
course,  non-existent  However,  he  caused  the  user  to  cover  it  up  with 
an  iron  box,  and  the  result  was  that  no  air  could  get  to  it  at  all,  and  the 
motor  was  always  hot. 

Mr,  W.  F.  Mylan  :  On  page  492  there  is  a  rather  remarkable  state- 
ment.   Mr.  Hartnell  says,  "  In  order  that  the  radiating  siuf aces  be  most 
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efficient  they  mnst  be  opposite  to  cool  surfaces,  as  all  surfaces  radiate   Mr  Mytea 
heat  in  all  directions."    I  have  always  understood  that  the  radiation  of 
surfaces  depended  entirely  on  the  temperature  difference  between  the 
radiating  body  and  the  surrounding  media,  modified,  however,  by  the 
heat  radiating  surface,  that  is,  whether  polished,  dull,  black,  or  white. 

On  page  494,  Table  II.,  we  get  two  sets  of  readings— standard  and 
tested.    Some  of  them  seem  rather  curious. 

In  the  first  instance  there  is  a  3  H.P.  with  standard  as  1,150  revs., 
but  the  speed  when  tested  is  given  as  1,080  revs.  Other  illustrations 
having  similar  divergence  between  the  standard  and  tested  speed  are 
given.  It  would  be  interesting  to  know  whether  the  machines  arc 
electrically  and  mechanically  duplicate,  and  whether  the  difference  in 
speed  was  obtained  by  brush  rocking  or  by  different  field  winding. 
One  would  exp>ect  with  an  enclosed  motor,  otherwise  duplicate  of  the 
open  motor,  that  with  the  same  field  and  armature  winding  a  much 
higher  speed  would  be  obtained  owing  to  the  temperature  rise  of  the 
machine  and  consequent  increased  field  resistance  and  reduced  field 
current. 

I  wish  we  had  more  of  the  users  present  to  hear  the  author's  remarks 
regarding  non-necessity  for  totally  enclosing  motors.  We  should,  I  am 
sure,  have  fewer  such  machines  installed,  and  consequently  wc  should 
have  fewer  complaints  of  faulty  machines.  I  find,  without  exception, 
that  totally  enclosed  machines  are  liable  to  be  twuUy  neglected,  and  are 
often  allowed  to  run  under  conditions  the  reverse  of  satisfactory. 

Mr.  H.  C  Jenkins  :  During  my  experience  with  motors  in  mines,  Mr  jtnkiiM 
I  find  the  tendency  among  many  mining  people  to  install  totally 
enclosed  motors  is  becoming  less  general,  and  in  many  cases  they 
are  using  open*t3rpe  motors,  making  arrangements  so  that  contact 
with  fiery  gases  is  obviated.  The  question  of  putting  very  fine  wire 
gauze  over  the  motor,  on  the  principle  of  the  Davy  lamp,  might  be 
a  good  idea  for  mills,  but  is  hardly  an  ideal  thing  for  a  colliery,  as  the 
coal  dust  will  choke  up  the  small  apertures  and  the  motor  would 
be  running  therefore  as  a  totally  enclosed  machine,  unless  the  gauie  is 
cleaned  frequently. 

I  know  of  one  instance  of  an  electric  hauUige  where  the  haulage 
house  is  situated  near  to  the  up-cast  shaft,  and  there  is  a  good  deal 
of  gas  present  at  various  times.  They  have  arranged  to  have  the  front 
of  the  haulage  house  enclosed,  with  a  window  so  that  the  man  can  see 
the  roadway,  and  the  only  openings  to  the  return  air  shaft,  by  means 
of  which  gas  could  enter,  are  two  slots  where  the  ropes  go  through.  A 
pipe  brought  from  the  up-cast  shaft  allows  the  fresh  air  to  play  directly 
on  the  resistance  and  the  motor,  and  as  there  is  a  certain  amount  of 
air-pressure  in  the  haulage  house  there  is  no  chance  for  the  gas  to 
get  in. 

The  risks  they  have  to  undergo  render  the  adoption  of  enclosed- 
t3rpe  motors  in  gassy  mines  undesirable. 

If  r.  F.  M.  Moody  :    I  agree  with  Mr.  Hartnell  that  wherever  Mr.  Moody 
possible  the  use  of  enclosed  motors  is  to  be  avoided.  Some,  after  a  few 
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Mr.  Moody,  hours'  run,  are  little  better  than  cooking  stoves,  but  in  spite  of  this 
defect  it  is  the  best  of  the  various  types  for  direct  coupling,  all  the 
working  parts  which  are  liable  to  injury  being  enclosed.  For 
driving  line  shafting  or  steady  loads,  through  the  medium  of  a  belt,  I 
certainly  favour  the  entirely  open  t)rpe  in  preference  to  any  of  the 
others.  In  motors  of  the  open  type  the  attendant  can  see  what  is 
happening  at  the  brushes.  With  an  enclosed  motor  the  brushes  and 
commutator  are  neglected  to  a  great  extent ;  the  motor  revolves,  and 
what  happens  inside  the  case  is  to  a  great  extent  neglected.  It  is  due 
to  this  fact,  more  than  the  heating,  that  the  open  type  is  to  be  preferred. 

The  majority  of  enclosed  motors  in  a  works  run  under  conditions  as 
shown  in  Fig.  6,  and  such  motors  can  take  up  heavy  overloads  for 
short  periods  without  undue  heating. 

In  the  paper  Mr.  Hartnell  has  taken  the  heating  due  to  the  eddy 
currents  but  has  given  us  no  information  on  the  higher  temperature  of 
the  windings  due  to  the  heavier  insulation  used  in  the  modern 
machines.  The  heat  produced  is  no  greater,  but  is  the  dissipation 
of  the  heat  so  produced  so  good  ?  If  it  is  not,  then  this  will  have 
an  effect  on  the  temperature  rise,  and  at  a  point  where  the  temperature 
ought  to  be  kept  low,  that  is,  in  the  windings. 

The  question  with  these  enclosed  motors  is,  does  the  higher 
temperature  cause  the  insulating  material  to  deteriorate  more  than 
with  the  lower  temperature  obtained  with  the  open-type  motor  ?  With 
a  temperature  rise  of  ioo°  F.,  will  the  motor  have  a  longer  life  than  if 
the  temperature  rise  is  120°  F.  ?  At  the  Sheffield  meeting  of  the  Section 
in  1906,  Mr.  Raworth  gave  it  as  his  opinion  that,  providing  the  safety 
limit  was  not  exceeded  (the  limit  to  the  temperature  rise  he  put  at  not 
less  than  212^  F.),  the  danger  of  a  burn  out  was  not  greater  with 
/  the  higher  temperature.  If  this  is  the  case  the  objection  to  this 
extra  heating  is  not  so  serious.  Personally  I  object  to  these  high 
temperatures. 

A  great  deal  can  be  done  to  insure  cool  running  by  the  design 
of  the  commutator  and  armature  end  connections  so  as  to  produce  a 
draught  through  the  armature,  apart  from  the  addition  of  a  fan  on  the 
armature.  The  use  of  interpolars  tends  to  reduce  the  cooling  effect  in 
the  armature,  such  machines  at  the  same  time  showing  a  higher  rise  in 
temperature,  due  to  the  smaller  section  of  the  iron,  and  Mr.  Hartnell's 
experiences  in  this  direction  would  be  valuable  if  he  would  give  us 
information  on  this  point. 

Mr.  Wilson  Hartnell  (f«  reply) :  In  reply  to  Mr.  Churton,  Table  L 
may  be  explained  as  follows  :  Column  i  is  the  nominal  horse-power  of 
an  actual  set  of  specially  designed  motors,  the  speeds  of  which  are  as 
follows : — 


Mr. 
Hartnell. 


900 

850  800  750 

700  600 

550 

500  450 

10 

15  20  30 

40  50 

60 

75  100 

Speeds    1 100    1000 
H.P....      3      5&7i 

Columns  2,  3,  and  6  are  taken  from  tests  and  measurements  of  thes^ 
motors,  except  that  the  figures  are  averaged  by  means  of  the  curves 
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shown  on  Fig.  i.    The  watts  lost  at  full  load  on  the  four  larger  motors  gj^^ 
are  calculated.    Column  4  is  derived  from  columns  2  and  3.    Columns 
5  and  7  are  calculated  to  enable  one  roughly  to  estimate  the  cooling 
effect  derived  from  ventilation  or  from  the  mass  of  the  motor.    The 
contents  of  Table  I.  are  graphically  shown  in  Fig.  i. 

Mr.  Churton  remarks  that  a  slow-speed  motor  has  a  greater  cooling 
surface  than  one  of  the  same  power  of  a  higher  speed,  and  therefore 
the  loss  of  power  on  enclosing  a  slow-speed  motor  is  proportionately 
less  ;  this  is  so,  as  may  be  readily  seen  by  his  examples.  I  made  no 
reference  to  this  effect  of  speed  in  order  not  to  wander  from  the  title 
of  the  paper,  which  has  no  direct  bearing  on  the  increased  cost  of  low- 
speed  motors.  It  is  convenient  to  standardise  former  windings  and 
armature  windings,  so  that  by  their  combinations  other  speeds  and 
voltages  may  be  obtained.  For  these  particular  motors  four  speeds 
have  been  tabulated  for  each  size  for  four  different  voltages,  giving 
192  combinations.  The  watts  lost  on  each  combination  could  have 
been  given,  but  this  would  have  been  another  subject  The  nearest 
sires  to  Mr.  Churton's  examples  of  enclosed  motors  are  a  3-H.P. 
tested  at  a  H.F.  with  780  revs.,  and  a  50.H.P.  tested  at  20*5  H.P.  with 
455  revs.,  and  an  experimental  test  of  a  50- H.P.  at  60  H.P.  with 
1,090  revs.  The  cooling  surface  being  obviously  considerably  more 
for  a  slower  motor  than  with  the  standard  case.  It  was  neces- 
sary for  the  sake  of  comparison  to  take  motors  at  about  standard 
speeds,  and  as  the  speeds  of  the  motors  taken  are  nearly  in  accordance 
with  those  recommended  by  the  Engineering  Standards  Committee,  it 
may  be  assumed  for  the  purposes  of  this  paper  that  they  are  about 
the  most  advantageous  for  direct-current  ventilated  motors. 

One  reason  why  a  large  direct-current  motor  requires  greater 
cooling  surface  than  a  smaller  one  and  a  direct-current  motor  more 
than  an  alternating-current  motor  is  because  of  the  difference  in  the 
thickness  of  the  case.  The  alternatmg-current  motor  is  placed  in  an 
iron  case  as  thin  as  can  be  conveniently  cast ;  it  may  have  been  }  in 
the  alternating-current  motors  with  which  Mr.  Churton  experimented.  • 
The  case  of  a  direct-current  motor  is  its  yoke.  That  of  the  3  B.H.P. 
alluded  to  in  this  paper  is  j  thick  and  that  of  the  50  B.H.P.  i)  in. 
thick — from  two  to  five  times  the  thickness  of  the  alternating-current 
motor.  That  an  alternating-current  motor  case  should  radiate  one 
watt  for  1*65  sq.  in.  with  the  internal  air  temperature  at  120"  F. 
agrees  with  my  experience,  but  that  a  watt  should  be  radiated 
through  1*45  sq.  in.  with  a  difference  of  temperature  of  only  72'  is 
surprising. 

In  reply  to  Professor  Parr,  it  is  an  inference  from  tcbts  of  motors 
with  laminated  poles  and  small  air-gaps  that  the  magnetic  leakage  may 
be  as  snudl  as  7I  per  cent.  The  cooling  surface  per  watt  in  Fig.  i  is  the 
surface  available,  if  the  motor  were  enclosed  and  working  at  full  power. 
It  is  not  the  surface  that  would  be  required  to  keep  the  motor  reason- 
ably  cool.  The  Stalloy  stampings  appear  of  small  advantage  for  dtrect- 
corrent  motors. 
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Mr.  In  reply  to  Mr.  Mylati,   the  heat  lost  by  radiation  only  is  the 

*'*"*"*  difference  between  the  heat  radiated  and  the  heat  received  by  radia- 
tion from  surrounding  surfaces  irrespective  of  the  temperature  of  the 
intervening  air.  The  motors  tested  at  reduced  speeds  to  which  he 
refers  had  longer  armatures,  but  the  standard  cases. 

In  reply  to  Mr.  Moody,  I  note  that  he  is  in  complete  agreement  as  to 
the  advantages  of  open- type  motors  over  enclosed  motors.  In  Table  II. 
he  will  find  the  rise  in  temperature  of  the  field  coils  given  in  column  9. 
There  is  no  necessity  for  thicker  insulation  on  the  magnet  coils,  as  the 
difference  in  voltage  from  layer  to  layer  is  no  greater  than  with  the  old 
'  2-pole  motor — in  fact  it  is  less,  as  the  coils  are  shorter.  In  general, 
if  the  total  external  cooling  surface  of  the  coil  is  about  4  sq.  in.  per 
wait  lost  and  the  motor  well  ventilated,  the  rise  in  temperature  will 
not  exceed  72^*  F.  In  regard  to  the  highest  permissible  temperature  on 
magnet  windings,  experiments  are  needed.  The  temperature  of  boiling 
water  could  not  hurt  the  cotton,  the  only  inconvenience  being  that  the 
speed  is  much  higher  than  when  the  motor  starts  cold.  The  sparking 
limit  becomes  reduced  when  the  temperature  rises,  say,  above  130°  F. 
If  the  temperature  rises  over  150°  it  is  likely  to  give  trouble.  The  fan 
effect  of  connectors  on  the  commutator,  although  most  useful  in  an 
open  motor,  is  not  of  much  assistance  if  the  motor  be  enclosed.  It 
appears  to  me  that  only  those  who  have  attempted  the  design  of  totally 
enclosed  motors  of  large  power  have  any  idea  of  the  difficulties  to 
be  overcome;  in  fact,  they  seem  almost  insuperable  without  forced 
ventilation. 

In  reference  to  Mr.  Cridge,  the  sheet-iron  case  is  applicable  to  alter- 
nating-current motors  provided  it  is  made  sufficiently  roomy. 

The  instance  which  Mr.  Woodhouse  referred  to,  wherein  the  motors 
are  enclosed  but  fixed  over  an  air  duct,  is,  I  consider,  the  true  way  of 
dealing  with  enclosed  motors. 
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ELECTRIC    STREET    LIGHTING. 

By  W,  F.  Long,  Associate  Member. 

(Abstract  of  Pafcr  rcuivcd  from  the  Cape  Town  Local  Section, 
October  28,  1907.) 

The  problem  of  street  lighting,  more  especially  in  the  old  country, 
has  probably  received  more  attention  during  the  past  two  years  than  at 
any  time  since  the  advent  of  either  coal-^u  or  electricity  as  a  means  of 
providing  a  public  luminant  Apart  from  receiving  the  careful  study 
of  public  txKlies  responsible  lor  the  lighting  of  the  streets,  and  the 
rival  supply  companies  of  electricity  and  gas,  it  has  at  the  same  time 
formed  the  subject  of  several  papers  read  before  the  various  scientific 
bodies. 

Until  recently  the  open  or  enclosed  type  of  electric  arc  for  main 
streets  had  no  serious  competitor,  the  increased  illumination  over 
incandescent  gas  being  so  great  in  comparison  with  the  increased  cost, 
if  any.  The  gas  companies,  however,  have  made  a  bold  effort  to 
recover  lost  ground  by  the  introduction  of  high-pressure  gas. 

About  the  same  time  the  flame  arc  lamp  made  its  appearance,  and 
wherever  the  efficient  lighting  of  main  thoroughfares  is  under  con- 
sideration to-day,  the  flame  arc  lamp  is  an  easy  favourite. 

Latterly,  however,  it  has  been  realised  by  many  that  in  the  first 
place  street  lighting  is  undoubtedly  a  good  advertisement  for  the 
supply  company;  and  secondly,  that  too  much  attention  had  been 
given  to  the  incoovenience  of  street  lighting  being  required  just  at 
the  peak  of  the  load  and  the  necessity  of  increasing  the  plant  to  meet 
the  same,  whereas  not  sufficient  attention  was  being  paid  to  the 
extremely  high  load  factor  possessed  by  street  lighting. 

Main  street  lighbngi  amd  the  majority  of  tramway  routes  other  than 
interuriMm,  should  undoubtedly  be  lighted  by  some  form  of  arc  lamp. 
Where  possible,  whichever  type  of  lamp  is  used,  they  should  be  prefer- 
ably  placed  in  the  centre  of  the  road,  there  t>eing  no  doubt  whatever 
that  such  a  system  gives  far  more  efficient  lighting  than  the  use  of  side 
lamps.  If  placed  on  tramway  poles  of  centre-pole  construction  work, 
they  should  t>e  provided  with  some  form  of  flexible  suspension,  other- 
wise the  constant  jarring  effect  of  passing  trolley  wheels  has  a  very 
detrimental  effect  on  the  working  of  the  lamps.  There  are  several 
fonns  of  this  safety  gear  on  the  market 

Opinions  differ  regarding  the  trimming  of  street  arc  lamps*  many 
engineers  preferring  the  use  of  a  ladder  or  even  a  tower  wagon. 
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Personally,  I  see  nothing  against  the  use  of  the  safety  suspension,  as 
provided  the  right  type  is  used  and  proper  care  is  taken  by  the  trimmer 
that  the  gear  is  locked  before  he.  leaves  it,  the  falling  of  a  lamp  is 
practically  impossible.  Certainly  the  labour  saved  in  trimming  con- 
siderably outweighs  the  extra  first  cost  of  providing  the  gear. 

'Of  the  type  of  arc  lamps  available  for  street  lighting,  although  the 
open  and  enclosed  are  steadier  in  their  burning  than  flame  lamps  and 
cost  less  for  carbons  per  lamp  per  hour,  it  must  be  borne  in  mind  that 
all  flame  lamps  are  far  more  efficient,  many  are  very  reliable,  and  from 
my  exp>erience  in  some  cases  the  unsteadiness  is  due  to  outside 
influences. 

The  controlling  6f  arc  lamps  at  the  power  station  should,  however, 
be  carried  out  as  much  as  possible,  as  it  is  this  saving  in  operating 
expenses  which  allows  of  more  successful  competition  with  gas.  It  can 
be  managed  up  to  a  certain  degree  by  supplying  those  circuits  nearest 
the  power  station  direct  from  the  busbars  instead  of  from  the  distri- 
buting mains  in  the  street.  The  switching  on  of  the  whole  arc-lighting 
system  can,  moreover,  be  entirely  and  satisfactorily  controlled  from  the 
power  station  even  when  the  lamps  are  supplied  from  various  points  of 
the  distributing  system  if  magnetic  switches  are  used  controlled  by 
pilot  wires. 

I  am  informed  that  in  Glasgow,  owing  to  workmen  loitering  over 
switching  lamps  off  at  2  o'clock  in  the  morning,  and  to  the  time  taken 
to  get  round  the  whole  system,  a  scheme  was  devised  which  is  known 
as  the  Glasgow  Arc  Lamp  Starter  (Lackie,  Calderwood  &  McEwen's 
Patent),  and  for  those  not  conversant  with  this  system  a  description 
would,  perhaps,  not  be  out  of  place.  The  system  is  designed  with  a 
view  to  controlling  all  the  street  arc  lamps  from  the  power  station, 
and  at  the  same  time  accompHshing  this  with  as  little  expense  as 
possible  in  the  provision  of  pilot  wires,  still  allowing  an  interval  of 
time  between  the  switching  on  of  each  group. 

The  arrangement  consists  of  three  pilot  wires  run  from  the  station, 
two  of  which  control  the  magnetic  switches,  the  third  being  used  to 
light  a  lamp  at  the  station  when  all  circuits  are  switched  on,  a  second 
lamp  being  provided  which  also  lights  up  when  all  circuits  are  off.  Each 
bank  of  lamps  consists  of  20 — two  circuits  of  10  in  series  on  500  volts — 
and  there  are  twelve  banks,  namely,  240  lamps  in  all.  A  small  switch- 
board fixed  in  the  station  contains  the  switches  A  and  B,  a  milliameter, 
and  the  two  incandescent  lamps  referred  to  above. 

To  start  the  lamps  switch  A  is  closed ;  this  energises  the  solenoid  of 
an  auto-switch  on  a  street  pillar  near  the  first  bank  of  lamps  and  pulls 
up  the  main  switch,  putting  current  on  to  the  lamps.  The  closing  of 
this  switch  lifts  a  brass  ball  which  is  free  to  roll  down  a  spiral  path,  at 
the  end  of  which  it  closes  the  pilot  wire  circuit  to  the  switch  controlling 
the  next  bank  of  lamps,  where  the  same  performance  is  repeated,  and 
so  on,  until  all  the.  eleven  banks  of  lamps  are  switched  on,  when  the 
pilot  lamp  in  the  station  lights  up.  The  time  taken  by  the  ball  to  run 
the  full  length  of  the  spiral  path  is  10  seconds.    During  the  progress 
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of  switching-on  the  milUameter  rises  step  by  step  as  the  various 
switches  are  operated,  each  step  being  two-fifths  of  an  ampere. 

When  all  banks  are  on,  the  switch  A  is  opened,  thus  saving  the 
energy  used  by  the  magnetic  switches,  the  switches  being  meanwhile 
held  in  mechanically  by  a  trigger. 

To  switch  the  lamps  o£F,  switch  B  at  the  station  is  closed,  energising 
the  second  solenoid  in  the  pillars,  tripping  the  triggers,  and  opening  all 
main  switches,  when  the  second  lamp  at  the  power  station  lights  up. 

The  following  is  claimed  in  connection  with  the  use  of  this  apparatus. 

Saving  in  Cost  of  Arc  Strut  Lighting  due  to  the  Use  of  Arc  Starters.^ 
Take  850  street  arc  lamps. 


Men  Employed  without  Starters, 
5d. 


II  men  at  27s.    perweek^    /.       ^       ,  ,        r      ^   ^    ji^ 

I  man  at  24s.  i  ^^7  i6s.  jd.  per  week,  or  £1,446  i6s.  6d. 

A  .     "        I         per  annum* 

II  men  at  21s.  ^d.    „        ^        *^     ••*«u*«. 


Men  Employed  with  Starters. 

16  men  at  27s.  per  week  (average),  ;f2i  12s.  per  week,  or  ;£i,i23  4s. 
per  annum. 
Saving  per  annum  in  favour  of  starters,  £$2$  12s.  6d. 

Units  Saved  by  Using  Starters,— The  switching-in  need  not  be 
started  so  early,  or  the  switching-out  completed  so  late,  as  when  men 
have  to  go  the  round  of  lamps.  Taking  the  time  of  burning  on  this 
account  as  i  hour  less  per  day,  lamps  taking  500  watts  or  i  B.O.T.  unit 
per  hour,  the  units  saved  will  be  850  xi  X  i  =  212*2  units.  At  id.  per 
unit  this  would  amount  to,  say,  17s.  ^d. 

Also  12  pairs  of  carbons  would  be  saved.  At  is.  3d.  per  12  pairs, 
this  would  amount,  together  with  the  cost  of  setting  and  trimming 
them,  to  2S.  3d.  per  day. 

Therefore  total  saving  is-r 

*2s!  3d   }  "^  ^^^'  "*^"  '•^•'  ^^^'^  *^*  ^'  ^^^  ^"""^• 

Total  saving  (men's  time) 323  12    6 

Current,  carbons,  etc 364    4    9 

£6Sy  17    3,  say  £6»S. 

Allowing  one  starter  to  10  lamps  at  ;£io  each  installed,  taking 
depreciation  at  74  per  cent.,  interest  5  per  cent.,  and  sinking  fund  2J 
per  cent  per  annum,  makes  ;gi27  los.  on  ;^85o  capital.  Deducting  this 
annual  amount  from  £68^  17s.  3d.,  leaves  ;£56o  7s.  3d.  net  saving  on 
850  arc  lamps,  which  is  equivalent  to  13s.  2d.  per  lamp  per  annum. 

There  is  not  a  great  deal  of  street  arc  lighting  in  Cape  Town,  but, 
with  the  exception  of  Darling  Street,  it  is  controlled  either  from  the 
central  power  station  or  the  accumulator  station. 
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A  series  of  flame  arc  lamps  has  recently  been  installed  in  the  Bock 
Road,  and  in  view  of  the  entire  absence  of  flame  lamps  in  Cape  Town 
until  these  were  installed,  I  propose  to  deal  somewhat  fully  with  this 
installation. 

The  lamps  used  are  the  now  well-known  Oriflamme  type,  manu- 
factured by  Messrs.  Oliver  &  Co.,  of  Woolwich,  and  contain  several 
novel  features,  the  foremost  of  which  is  the  provision  of  a  magazine  by 
means  of  which  the  lamps  are  supplied  with  eight  pairs  of  carbons,  the 
second  pair  being  automatically  brought  into  action  when  the  first  pair 
are  consumed,  likewise  the  third  pair  when  the  second  are  consumed, 
and  so  on ;  the  lamp  is  thus  only  trimmed  after  thirty-five  hours- 
burning. 

An  inspection  of  the  lamp  will  show  that  the  feeding  of  the  carbons 
from  the  magazine  is  accomplished  by  means  of  an  endless  chain 
revolved  by  a  pawl  and  ratchet,  the  former  being  actuated  by  an 
electromagnet.  This  electromagnet  is  operated  by  a  shunt  coil,  which 
is  momentarily  put  in  series  with  the  shunt  winding  on  the  main  coil 
of  the  lamp  when  it  is  time  for  the  feed  to  take  place.  A  novel  feature 
in  connection  with  this  feeding  coil  is  the  switch,  which,  it  will  be 
noted,  is  an  evacuated  tube  containing  mercury  and  pivoted  at  its  centre 
so  as  to  allow  of  a  rocking  movement.  On  the  arc  reaching  the 
position  where  feeding  should  take  place,  the  tube  is  tilted  sufficiently 
to  allow  the  mercury  to  flow  the  whole  length  of  the  tube,  to  the  ends 
of  which  are  connected  the  feeding  coil.  The  magnet  then  lifts,  and, 
as  before  mentioned,  works  the  pawl  and  ratchet  motion,  the  lifting  of 
the  magnet  itself  rocking  the  switch  back  to  the  off  position. 

In  spite  of  the  fact  that  these  switches  are  continually  opening  and 
closing  the  circuit,  they  last  quite  a  long  time,  but  eventually  the  glass 
is  cracked  through  the  continual  mercury  hammer,  when,  of  course, 
the  switch  soon  becomes  useless,  due  to  the  loss  of  vacuum. 

Another  unusual  feature  of  the  lamp  is  the  low  voltage  required,  the 
pressure  across  the  terminals  being  only  34  volts,  which  allows  of  11 
lamps  being  burned  in  series  across  440  volts. 

The  normal  current  is  9  amperes,  each  lamp  therefore  consumes 
306  watts,  and  the  mean  candle-power  in  the  lower  hemisphere  is  stated 
to  be  1,300. 

As  a  matter  of  fact,  we  find  that  these  lamps  give  much  better 
results  with  10  amperes.  The  energy  consumed  on  the  circuit,  in- 
cluding line  resistance,  is  therefore  4,400  watts,  giving  a  total  candle- 
power  of  14,300,  and  costing  at  the  current  price  for  street  lighting  in 
Cape  Town  o*ooi6d.  per  candle-power  per  hour,  including  all  labour  and 
materials  for  trimming  and  general  maintenance,  together  with  interest 
charges  on  the  capital  expenditure  in  providing  and  installing  the 
lamps. 

The  lamps  are  placed  in  Hyde  Park  carriers  on  tapered  steel  poles 
placed  in  the  centre  of  the  roadway,  the  whole  of  the  wiring  being 
carried  out  by  means  of  No.  4  S.W.G.  bare  wire  carried  on  insulators 
attached  to  the  poles. 
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Owing  to  the  eirceptionally  long  spains,  sio  ft.,  and  to  the  fact 
that  at  the  time  heavier  poles  could  not  be  obtained  for  the  ends  of  the 
line,  it  was  not  possible  to  run  two  wires  of  the  above  section  on 
the  lamp  poles  themselves,  the  return  wire  is  therefore  attached  to  the 
poles  at  the  side  of  the  road  carr3ring  the  ordinary  3-wire  distribution 
system. 

In  addition  to  the  flame  lamps,  each  pole  also  carries  a  double 
bracket  fixed  about  12  ft.  7  in.  from  the  surface  of  the  road,  each 
bracket  containing  two  i  lo-volt  25-c.p.  tantalum  lamps  in  series,  which 
are,  of  course,  wired  on  a  separate  circui^.  The  overhead  wires  in  this 
case  being  No.  13  S.W.G.  are  attached  by  means  of  insulators  to  the 
sides  of  the  Hyde  Park  carriers,  so  that  the  only  wire  causing  a  shadow 
with  the  arcs  is  the  one  No.  4,  and  this,  I  may  say,  is  hardly  noticeable. 
Both  the  arc  and  tantalum  circuits  are  controlled  direct  from  the 
generating  station. 

Turning  now  to  the  question  of  side-street  lighting.  Some  twelve 
months  ago  a  trial  was  made  with  35-c.p.  no* volt  tantalum  lamps  on 
an  extension  to  our  street-lighting  system,  and  as  the  illumination 
required  per  pole  was  not  to  exceed  25  c.p.,  these  lamps  were  installed 
by  running  scries  overhead  wires  between  poles.  The  lamps  proving 
very  satisfactory  and  being  seldom  reported  as  not  lighted,  stops 
were  taken  to  change  the  majority  of  the  carbon  filament  street  lamps 
for  tantalums,  so  that  now  quite  80  per  cent,  of  the  street  lighting  is 
carried  out  in  this  manner. 

The  25-c.p.  I  lo-volt  tantalum  lamps  take  on  an  average  0*2  of  an 
ampere ;  a  No.  14  S.W.G.  bronze  wire  has  ample  carrying  capacity  as 
the  series  wire,  even  if,  as  in  some  cases,  the  lamps  are  a  considerable 
distance  apart 

As  an  instance  of  the  saving  that  can  be  effected  by  this  lamp,  I 
should  state  that  the  cost  of  street  lighting  in  Cape  Town  has  been 
reduced  this  year  by  33^  per  cent,  although  some  300  additional  side* 
street  lamps  and  about  20  arc  lamps  have  been  erected,  whereas  the 
charge  per  unit  for  energy  consumed  for  street-lighting  purposes  has 
only  l>cen  reduced  by  12  per  cent. 

The  only  personal  experience  I  have  had  with  osram  lamps  for  street 
lighting  up  to  the  present  was  obtained  in  September  of  last  year,  when 
I  received  two  samples  which  were  placed  on  a  street-lighting  circuit. 

These  lamps  were  marked  no  volts  32  Hefner  candle-power,  and 
gave  an  initial  candle-power  on  the  photometer  of  27  English  candles 
with  a  consumption  of  367  watts,  or  vi  watts  per  candle.  A  second 
test  was  made  after  374  hours,  when  the  figures  were  25*  i  cp.  at  15 
watts  per  candle.  A  third  test  after  504  hours  gave  23*5  c.p.  at  1*6 
watts  per  candle. 

The  Cape  Town  City  Council  has  been  successful  in  obtaining  the 
street  lighting  of  Woodstock  in  competition  with  the  local  gas 
company.  The  work  in  connection  with  this  scheme  is  now  in  course 
of  construction. 

The  distributing  svstem  will  be  entirely  overhead  and  carried  out 
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on  a  3-wire  system  similar  to  Cape  Town,  with  440  volts  across  the 
outers.  The  lamps  to  be  erected  comprise  300  in  number,  and  will 
consist  of  two  i  lo-volt  32-c.p.  Hefner,  osram  lamps,  in  series  in  one 
fitting.  The  energy  required  will  be  transmitted  from  the  power 
station  in  Cape  Town  to  the  boundary  of  Woodstock  and  Cape  Town  by 
extending  an  existing  0*4  sq.  in;  concentric  feeder ;  the  feeder  being 
also  used  for  the  supply  of  energy  to  private  consumers  until  such  time 
as  the  loads  warrant  the  use  of  a  sub-station.  The  overhead  distribut- 
ing system  entails  the  use  of  some  300  poles  and  35  miles  of  bare  over- 
head wires,  the  whole  to  be  completed  by  the  ist  of  January,  1908,  when 
the  five  years'  street-lighting  contract  commences. 

The  following  particulars  are  useful  as  a  guide  to  the  possibilities  of 
street  lighting  locally  by  means  of  metallic  filament  lamps  as  against 
incandescent  gas. 

One  suburban  municipality  is  paying  to-day  £*]  per  6o-c.p.  incan- 
descent gas  lamp  per  annum  for  2,000  hours  burning.  A  recent 
quotation  to  another  suburban  municipality  was  £b  los.  per  55-c.p. 
incandescent  gas  lamp  per  annum  for  2,000  hours  burning. 

The  average  various  tests  of  gas  mantles  made  in  recent  years  prove 
that  they  take  o*i  cub.  ft.  of  gas  per  candle-power  per  hour,  which 
information,  together  with  the  above,  gives  the  following  comparative 
table  for  gas  and  metallic  filament  lamps  : — 


System  of 
Lighting. 

District. 

Candle- 
power. 

Ctiarge 
per  Lamp 

per 
Annum. 

Hour^ 
Burn- 
ing. 

Cost 
per  C.P. 

Hour. 

Energ>' 
Con- 
sumed. 

Gas 
Cub.  Ft. 
Elec- 
tricity 
Units. 

Cost  of 
Energy. 

Gas 
per  1.000 
Cub.  Ft. 
Elec- 
tricity 
per  Unit. 

1 

Incandes-) 

cent  ...j 

Incandes-) 

cent  ...j 

Tantalum ) 

Electric/ 

Osram      \ 

Electric/ 

Sea  Point 
Woodstock 
Cape  Town 
Woodstock 

60 

55 
25 
50 

i     s.      d. 
700 

6  10    0 
2  18    2 
5  10    0 

2,000 
2,000 
3,000 
2,000 

d. 
0*0140 

0-0141 

00093 

0*0132 

12,000 

11,000 

127 

125 

s.       d. 
II      8 

II      9 

5i 
lol 

The  column  "Cost  of  Energy,"  of-coiu-se,  includes  both  interest 
charges  and  maintenance.  The  Woodstock  figure  of  lo^d.  per  unit  is 
high,  owing  to  the  fact  that  the  whole  of  the  capital  expenditure 
entailed  has  to  be  repaid  in  five  years. 
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ORIGINAL  COMMUNICATION. 


ON    THE    MEASUREMENT    OF    LARGE    INDUCT- 
ANCES  CONTAINING    IRON. 

By  Sir  Oliver  Lodge,  D.Sc.,  F.R.S.,  Member,  and 
Benjamin  Davies,  Associate  Member. 

{/deceived  March  17,  1908.) 

The  advantage  of  inserting  self-inductance  in  telegraphic  linesi, 
especially  in  lines  rendered  inefficient  by  electrostatic  capacity  like 
submarine  cables — an  advantage  first  discovered  and  advocated  on 
theoretical  grounds  by  Mr.  Oliver  Heaviside,  F.R.S.— is  so  marked 
that  a  number  of  investigations  have  been  conducted  by  the  olcc* 
Iricians  of  the  Eastern  Telegraph  Company  in  ihe  research  latx>ratory 
in  Electra  House,  and  the  second-name^  author,  Mr.  Benjamin  Davies^ 
who  has  t>een  allowed  to  work  there  for  the  last  few  years.  Most  of 
the  results  must  be  regarded  as  confidential  and  of  specially  technical 
use,  but  some  of  the  methods  of  measurement  are  of  general  scientific 
interest,  and  these  we  propose  briefly  to  describe. 

The  self-induction  coils  involved  are,  some  of  them,  of  constdcrablo 
magnitude,  rising  to  an  inductance  approaching  100  henries ;  and  for 
compactness,  as  well  as  to  avoid  mutual  inductive  interference,  it  is 
customary  to  make  them  with  iron  cores  forming  a  nearly  closed  mag- 
netic circuit.  An  air-gap  is,  however,  introduced  into  this  circuit  and 
is  made  variable  at  will,  since  one  convenient  adjustment  for  duplex 
telegraphy  is  the  variability  of  the  gap  in  a  continuous  and  convenient 
manner  by  an  outside  screw  handle. 

The  inductance  of  such  a  coil  depends,  of  course,  greatly  on  the 
width  of  the  gap,  and  it  is  also  a  function  of  the  strength  of  current 
circulating  round  the  iron ;  accordingly  the  measurement  of  it!» 
self-induction,  though  an  important  measurement,  is  not  an  easy 
one,  when  the  alternating  current  involved  in  the  measurement  is 
reduced  to  10^  or  10-*  amperes,  and  special  means  have  had  to  be 
devised.  It  is  these  in  particular  to  which  the  present  communica- 
tion relates. 

The  usual  methods  of  measurement  were  tried,  but  were  found 
to  give  inconsistent  results,  and  were  at  best  laborious,  involving  much 
time.  The  only  safe  method  of  measuring  the  inductance  of  iron  coils 
is  to  reproduce  in  the  measurement  as  far  as  possible  the  conditions 
of  practice  ;  otherwise  the  results  would  subsequently  be  misleading. 

The  difficulties  arose  partly  from  the  presence  of  harmonics,  intro- 
duced by  hysteresis  when. the  magnetising  forces  were  great,  partly 
also  from  magnetic  creeping,  which  was  very  troublesome  in  closed 
or  nearly  closed  iron  magnetic  circuits  even  when  the  current  was 
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small.  Further  difficulties  arose  from  the  fact  that  the  inductance 
varied  with  the  frequency  of  the  current  alternations,  and  they  were 
emphasised  by  the  enormous  time  constants  which  some  of  the  coils 
possessed ;  the  time  required  to  rise  within  i/<fth  of  the  ultimate  value 
being  in  some  cases  as  much  as  4  seconds. 

The  present  paper  describes  a  simple  and  ready  method  of  using  a 
special  sine  inductor  and  dead-beat  galvanometer  so  as  to  determine 
simultaneously  the  value  of  the  inductance  and  the  strength  of  current 
involved  in  the  operation. 

Telegraphic  Preliminaries. 

The  ordinary  measuring  instruments,  such  as  a  hot-wire  meter,  give 
the  square  root  of  mean  square  strength  of  current ;  but  unless  the 
wave  is  strictly  sinuous  such  a  measurement  is  not  useful.  For  strong 
magnetising  forces  a  number  of  harmonics  make  their  appearance,  and 
the  disturbance  is  far  from  sinuous  ;  and  even  for  weak  magnetising 
forces  it  would  not  do  to  assume  that  the  harmonics  are  negligible. 

It  is  found  to  be  the  fact,  however,  that  they  are  unimportant  for 
weak  forces ;  and  hence  for  small  strength  of  current,  such  as  those 
at  the  receiving  end  of  a  long  cable,  a  hot-wire  instrument  giving 
x/  (mean  square)  values  of  current  might  be  used.  But  for  all  other 
cases  the  amplitude  or  maximum  value  of  the  magnetising  current 
normally  used  must  be  directly  observed,  and  the  maximum  value 
thus  found  must  be  reproduced  in  the  operation  of  measuring. 

The  currents  supplied  to  a  cable  can  be  represented  as  being  due  to 
sudden  rises  and  falls  of  E.M.F.,  but  by  the  time  they  reach  the  distant 
end  they  have  become  approximately  sinusoidal ;  in  fact,  the  currents 
representing  the  signals  at  the  end  of  a  cable  of  moderate  length  may 
always  be  regarded  as  composed  of  sinuosities  with  three  frequencies, 
«i»  Wa,  fty  Of  these  h,  and  «,  are  always  in  the  ratio  1:2;  while  the 
third  «3  is  a  low  irregular  frequency  superimposed  on  ii,  and  «,. 

The  first  frequency  («i)  corresponds  to  regular  reversals  at  the 
sending  end — that  is,  to  dots  and  dashes,  or  right  and  left  deflexion, 
alternately ;  as,  for  instance,  the  letter  C  on  the  Morse  Code. 

The  second  frequency  (w,)  corresponds  to  the  case  of  a  succession 
of  impulses  all  of  the  same  sign,  a  series  of  dots,  or  a  series  of 
dashes :  as  illustrated  by  the  letters  S,  H,  I,  or  the  letters  O,  M  ; 
or,  again,  by  component  parts  of  other  letters,  hke  part  of  B. 

It  is  this  unidirectional  sendjng  which  tends  to  charge  the  cable 
and  so  cause  a  slow  fluctuation  of  zero  which  represents  the  thud 
frequency  tty  About  this  there  is  nothing  regular,  but  it  is  always 
much  slower  than  the  others,  and  ought  to  be  eliminated  and  carried 
off  to  earth,  along  with  earth  disturbances,  by  a  coil  of  low  resistance 
but  high  self-induction  which  is  arranged  to  shunt  the  receiving  instru- 
ment ;  this  elimination  being  assisted  by  the  obstruction  offered  by  the 
receiving  series  condenser. 

In  practice  the  second  frequency — the  sinuosity  representing  a 
succession  of  dots— is  not  needed  in  practical  telegraphy.    The  holding 
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over  of  the  siphon  for  a  definite  length  of  time  is  sufficient  to  enable  a 
practised  reader,  or  even  a  moderate  novice,  to  discriminate  between  t 
and  s  and  h,  without  the  need  of  the  actual  minor  sinuosities ;  and 
inasmuch  as  this  highest  frequenc>'  is  usually  obliterated  in  long  cables 
by  the  more  marked  attenuation  appropriate  to  higher  frequencies, 
they  do  not  as  a  rule  appear,  except  when  they  are  definitely  wanted. 

A  diagram  of  the  first  few  of  the  letters  of  the  alphabet  will  illustrate 
what  is  here  meant. 

Fig.  I  shows  the  theoretical  letters  as  they  would  appear  if  slowly 
recorded  at  the  end  of  a  cable.  The  letter  A  in  this  figure  is  a 
complete  wave,  and  the  letter  C  also  is  sinuous  with  the  main 
frequency  »,.  In  practice  the  frequency  w,  usually  lies  between  3  per 
second  and  15  per  second. 

The  letter  H,  or  the  three  dots  of  the  letter  B,  due  to  unidirectional 
impressed  E.M.F.,  are  also  represented  by  a  sine  curve,  hut  in  practice 
are  of  double  the  fi|  frequency. 

The  third  frequency  {n^  depends  on  the  sequence  of  the  signals,  and 
its  average  value  is  about  i^th  the  frequency  of  the  letter  A. 

The  three  waves  are — 

V,  =  a,  sin  //. 
y,  =s  a,  sin  2  /»/  -f-  C. 
and  approximately  y^  =5  a,  sin  ^0  /»/. 

A  xk  f%  T\      V        TP  CX  IT 

Fic.  I. 

Fig.  2. 

The  attenuation  of  signals  is  such  that  a«  is  practically  obliterated  at 
the  distant  end,  and  matters  are  so  arranged  mechanically  and  electri- 
cally in  the  recorder  circuit  that  this  frequency  is  never  useful :  it  is 
generally  killed  by  a  few  hundred  miles  of  cable,  at  moderately  high 
speeds  of  signalling.  Fig.  2  shows  the  above  letters  as  they  would 
appear  in  practical  telegraphy.  We  are  therefore  left  with  the  fre- 
quencies n,  and  tiy  These  together  govern  the  design  of  most  of  the 
inductances  used  for  submarine  telegraphic  purposes. 

The  method  of  measurement  described  below  depends  on  the 
use  of  a  galvanometer  for  observing  the  maximum  amplitude  of  the 
alternating  current  involved  in  the  operation.  H.nving  designed  a 
maximum-amplitude  galvanometer  to  give  the  required  sensitiveness 
and  quickness,  the  measurement  of  all  iron  inductances  of  large  time- 
constants  can  t>e  made  with  ease. 

Description-  op  the  Galvakombtkr. 
The  instrument  consists  of  a  moderately  ««trong  electromagnet  of 
adjustable  strength,  the  field  of  vvhich  can  be  pushed  up  to  about 
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8,000  C.G.S.  The  magnetic  circuit  is  all  iron  except  the  narrow  gap  in 
which  the  coil  is  placed.  The  coil  has  about  500  turns  wound  on  a 
light  aluminium  frame  4  cm.  long  and  ^  cm.  wide.  The  oscillation  of 
the  coil  is  measured  by  means  of  a  mirror  and  a  spot  of  light ;  but  the 
mirror  is  mounted,  not  on  the  coil  in  the  usual  manner,  but  on  a  saddle 
suspended  independently  and  connected  to  the  coil  by  a  couple  of  silk 
fibres,  after  the  same  fashion  as  the  siphon  of  the  siphon  recorder  is 
connected.  The  object  of  this  method  is  the  magnification  of  the 
motion  of  the  coil  mechanically. 

The  arrangement  of  coil  and  mirror  is  shown  in  Fig.  3.  It  is  the 
usual  arrangement  of  the  coil  and  siphon  of  the  siphon  recorder."^ 
The  mechanical  magnification  of  motion  has  an  important  effect  on 
the  quickness  of  the  coil,  and  can  easily  be  overdone.  In  one  of  the 
instruments  already  used,  the  dimensions  of  the  various  parts  of  the 
moving  system  were  as  follows  : — 

Moment  of  inertia  of  coil         =016  grm.-cm.». 

Moment  of  inertia  of  mirror  and  saddle    ^  0*013       » 

Magnification  ratio         =-^=: 4*0. 

From  this  the  total  amount  of  inertia  of  the  system  may  be 
obtained  ;  for  using  the  above  figures  for  the  moment  of  inertia  of  the 
coil,  and  saddle  of  mirror  about  their  respective  axes  of  suspension, 
then  the  total  effective  moment  of  inertia  of  the  system  around  the 
axes  of  the  coil  is — 

I=so-i6  +  (4)*  X  0-013 

=:0'l6  +  0-208. 

Here  it  is  to  be  noticed  that  with  the  given  mirror  and  coil  the 
mechanical  magnification  ratio  is  somewhat  too  high,  for  the  swing  of 
the  system  is  governed  more  by  the  mirror  than  by  the  coil.  But  this 
does  not  really  matter,  for  the  instrument  is  intended  for  low  frequency 
only,  and  so  the  moving  parts  need  not  be  very  light. 

The  damping  of  the  coil  is  mainly  brought  about  by  the  currents 
generated  in  the  aluminium  "  former  "  on  which  the  coil  is  wound,  as  it 
moves  in  the  strong  field  of  the  magnet.  The  coil  is  also  damped  by 
the  currents  induced  in  it  when  the  circuit  is  closed,  but  inasmuch  as 
this  damping  will  be  a  function  of  the  resistance  and  other  circum- 
stances of  the  circuit,  which  it  is  desired  to  vary,  it  is  desirable  to  keep 

*  An  amplitude  galvanometer  has  also  been  arranged  by  Mr.  Albert  Campbell,  of 
the  National  Physical  Laboratory,  who  has  produced  a  very  successful  moving-coil 
modification  of  Max  Wien's  vibration  needle-galvanometer.  The  difference  between 
these  and  the  one  now  described  is  this — that  in  the  Campbell  galvanometer  the  coil 
has  the  least  possible  damping,  like  a  very  quick  ballistic  instrument,  whereas  in  the 
galvanometer  here  descrit>ed  the  coil  is  arranged  to  be  aperiodic.  The  one  is  used  for 
null  methods,  though  it  also  measures  frequency,  but  it  cannot  be  depended  on  to 
measure  current  strength  except  at  constant  frequency ;  whereas  the  one  now 
described  measures  current  accurately,  and  frequency  not  at  all.  In  the  one  the 
amplitude  of  oscillation  varies  with  both  the  current  strength  and  the  frequency, 
whilst  in  the  other  the  amplitudes  are  strictly  proportional  to  the  current  strength  for 
a  considerable  range  of  frequency. 
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this  part  of  the  damping  entirely  subordinate  to  that  caused  by  the 
aluminium  frame  ;  since  this,  of  course,  remains  constant. 

The  magnet  strength  is  adjusted  until  the  main  damping  makes  the 
coil  just  dead  beat.  Then 
if  in  practice  the  damp- 
ing t>ecomes  a  little 
greater  than  this,  no  harm 
is  done.  No  inaccuracy 
is  introduced  into  the 
measurement  so  long  as 
the  coil  has  no  swing 
period  of  its  own.  A 
ittle  too  much  damping 
merely  reduces  the  sensi- 
tiveness, that  is  ail. 

The  correct  magni- 
tude of  the  damping 
effect  is  obtained  by  ob- 
serving the  disappear- 
ance of  oscillation  when 
the  instrument  is  joined 
to  a  cell  in  a  non-induc- 
tive circuit.  For  this 
purpose  a  continuous 
current  is  arranged  to 
give  a  certain  scale  de- 
flexion. When  the  de- 
flection just  fails  to 

exceed  this  value,  on  starting  or  reversing  the  current,  the  system  is 
just  aperiodic.  With  a  translucent  scale  this  can  txj  observed  by 
covering  the  scale  up  to  the  division  corresponding  to  maximum 
deflection  of  the  continuous  current ;  then  on  starting  the  current,  the 
spot  of  light  should  just  fail  to  appear  beyond  the  edge  of  the  cover. 

Fig.  4  shows  the  instrument  complete. 

Method  ok  Measurement. 

The  inductance  to  t>c  measured  is  connected  up  in  series  with  the 
galvanometer  and  a  specially  designed  sine  alternator  of  small  power 
and  known  frequency,  and  the  amplitude  of  the  oscillation  is 
observed.  The  inductance  is  then  removed  and  a  non-inductive 
resistance  placed  in  its  stead,  being  adjusted  so  as  to  produce  the 
same  amplitude  of  oscillation. 

The  connections  are  shown  in  Fig.  5.  L  R  is  the  impedance  to 
be  measured,  and  R'  is  the  non-inductive  impedance  substituted  to 
produce  the  same  oscillation.  We  have,  therefore,  the  simple  relation 
R'  s=  v^  (R»  -I-  /^^  L') ;  and  since  for  the  majority  of  the  cases  in  practice 
R  is  small  compared  with  f  L  this  gives  simply— 


Fui.  3. 
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The  strength  of  the  current  involved  in  the  measurement  is  known 
from  the  amplitude  of  the  oscillation,  the  deflexion  being  easily  repro- 
ducible with  a  known  steady  current :  so  that  the  two  measurements, 
the  one  for  L  and  the  other  for  the  corresponding  current,  are  made 
simultaneously.  The  complete  specification  of  the  inductances  is  thus 
easily  and  readily  obtained. 

In  order  to  render  the  oscillation  galvanometer  available  for  a  wide 
range  of  current  values,  all  one  has  to  do  is  to  shunt  it  by  a  non- 


FiG.  5. 


inductive  resistance.  This  can  be  done  without  appreciable  error,  since 
the  reactance  of  the  galvanometer  is  negligible  for  the  range  of 
frequency  used  in  submarine  telegraphy. 

The  speed  of  the  alternator  must,  of  course,  be  accurately 
known.  The  speed  is  obtained  by  means  of  a  Judd  and  Fraser 
speed  indicator,  which  gives  the  speed  with  an  error  not  exceeding 
I  per  cent,  at  maximum  scale  reading. 

As  an  example  of  the  sensibility  of  the  instrument,  and  the  time 
of  swing  of  the  coil,  the  following  figures  serve  for  an  unshunled 
galvanometer  intended  for  moderately  weak  currents; — 
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Time  of  swin/;  of  the  moving  system  (with- )    ,  . 

out  the  magnetic  field)    ... '      S  '^  ^^ond. 

Current  strength  giving  t  mm.  oscillation  at  >  . 

i-metre^e  distance      [  4  x  lo- ampe.  c 

Strength  of  magnetic  field  (approximately)      3,000  C.G.S. 

Magnification  ratio      4*0. 

Resistance  of  moving  coil      770  ohms. 

The  above  sensitiveness  is  useful  for  the  measurement  of  alternating 
currents  of  the  order  of  io-"»  to  10-^  amperes. 

For  the  weaker  currents  used  in  the  measurements  given  in  Fig,  6 
the  control  had  to  be  reduced.  The  reduction  of  control  increases  the 
time  of  swing,  but  since  in  cable  telegraphy  weak  currents  at  the 
receiving  end  involve  low  speeds  of  signalling,  and  therefore  low 
current  frequencies,  there  is  no  objection  to  increasing  the  time 
of  swing ;  and  this  is  always  done.  The  damping  should,  however, 
at  the  same  time  be  lessened  ;  so  the  process  necessitates  either  an 
alternative  coil  or  one  having  an  auxiliary  device  for  varying  the 
damping. 

With  a  coil  swinging  5  per  second  and  a  field  of  about  3,000  C.G.S. 
the  sensitiveness  runs  up  to  a  value  such  that  lo"*  ampere  gives 
I  mm.  swing  at  i  metre  scale-distance. 

The    Behaviour    of   Iron    Inductance    under   the   Action    ok 
VERY    Low    Magnetic    Forces,    and    Examples    of    Curved 

OBTAINED  BY   MEANS  OF  THE  OSCILLATION  GALVANOMETER. 

Although  under  strong  magnetising  forces  the  value  of  L  depends 
largely  on  the  strength  of  the  current,  as  is  well  known,  and  although 
for  this  reason  an  iron-core  inductance  is  a  somewhat  difficult  instru- 
ment  to  use,  yet  it  turns  out  that  when  the  magnetising  forces  are 
weak,  the  behaviour  of  iron  inductance  approaches  that  of  an  air- 
cored  inductance,  as  is  shown  by  readings  obtained  by  means  of  the 
oscillation  galvanometer. 

These  are  plotted  in  Fig.  6,  which  shows  how  the  inductance  varies 
with  the  current  and  the  magnetising  force  when  the  magnetising 
force  is  very  low.  The  curve  shows  that  the  inductance  is  practically 
independent  of  the  current  strength  for  all  magnetising  forces  below 
0*04  C.G.S.  The  range  of  currents  received  at  the  distant  end  of 
a  submarine  cable  is  such  as  to  give  a  value  4  ir  n  C  (commonly  called 
magnetising  force)  varying  from  about  o*ooi  to  0*02  C.G.S.,  a  range 
that  is  more  than  covered  by  the  curve  shown. 

The  curve  shows  also  that  the  hysteresis  is  almost  ni/,  since  only  by 
a  change  in  the  value  of  L  can  the  hysteresis  loop  be  formed.  From 
this  it  follows  that  a  sinuously  impressed  E.M.F.  gives  also  a  sinuous 
current  in  such  an  inductance  under  the  conditions  named.  Hence 
the  iron  inductance  behaves  almost  like  an  air-core  inductance,  for 
feeble  magnetising  forces.  This  has  been  found  a  valuable  property 
of  iron  inductance  coils  placed  at  the  end  of  a  submarine  cable, 
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[To  convert  the  abscissae  into  magnetising  force  In  C.Q.S.  multiply  the  current 
in  amperes  by  23.] 

Equation    representing  the  Inductance  Values  for   different 
Widths  of  Air-gap. 

An  extremely  convenient  method  of  arranging  a  continuous  varia- 
tion, so  as  to  obtain  all  possible  values  of  inductance  between  two 
given  limits,  is  to  arrange  the  air-gap  of  the  iron  circuit  so  as  to 
be  varied  by  means  of  a  hand  screw.  Such  a  specially  designed  form 
of  inductance,  when  the  magnetising  forces  are  low,  is  a  very  satisfac- 
tory instrument.  Its  behaviour  is  found  so  uniform  that  an  equation 
may  be  obtained  which  gives,  fairly  correctly,  the  values  of  L  through- 
out a  very  considerable  range  of  current  strength,  frequency,  and 
width  of  air-gap. 

Assuming  the  iron-cored  inductance  coil  to  be  of  the  form  given  in 
Fig.  7,  and  made  of  thoroughly  laminated  high-quality  iron,  we  devised 

the  following  empirical  equation  to  express 
the  self-induction  for  weak  currents  under 
different  circumstances  : — 


Ls=An«(G-f  ^)-*. 

Where  n  is  the  number  of  turns,  G 
the  width  of  the  air-gap  in  miUimetres, 
Fig.  7.  ^  a  constant  depending  chiefly  on  the  re- 

luctance of  the  iron  determined  experi- 
mentally, and  a,  b,  and  k  other  constants  depending  mainly  on  the 
design  of  the  instriiment. 

The  equation  holds  good  for  low  magnetising  forces  and  for  a 
moderate  change  in  frequency.     If  the  frequency  change  and  the 
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magnetising  force  be  either  or  both  of  them  greatly  augmented,  the 
equation  becomes  complicated. 

For  an  instrument  of  the  form  given  in  Fig.  7  the  values  of  the 
constants  were  as  follows — 

<j=    199 
6=  0-47 

k  s  180. 

Note  that  G  is  to  be  expressed  in  mm.  not  cm. 

Fig.  8  is  a  curve  showing  how  the  inductance  varies  with  the 
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Kio.  8,  -  Showing  how  the  Inductance  depends  upon  Width  of  Air-Kap,  and 
how  nearly  the  above  Empirical  Expreuion  for  L  agreei  with  Observation. 
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thickness  of  the  air-gap  ;  both  by  calculation  from  this  formula  and 
by  direct  observation.  It  is  to  be  noted  how  closely  they  agree,  up  to 
so  narrow  an  air-gap  that  the  inductance  becomes  1 14  henries.  Though 
if  the  air-gap  is  reduced  below  half  a  millimetre  discrepancy  begins  to 
set  in. 

Distribution  of  Magnetism  in  the  Cross-section  of  the 

Iron  Core. 
A  rough  observation  was  made  with  the  view  of  determining  how 
the  density  of  the  magnetic  induction  varied  from  point  to  point  in  the 
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Fig.  9. — Distribution  of  Magnetic  Induction  in  Cross-section  of  Iron  Core. 

*  cross-section  of  the  iron  core  of  the  inductance  when  the  frequency  of 
the  magnetising  current  was  varied. 

In  an  iron  magnetic  circuit  whose  cross  •  section  was  about 
220  sq.  cm.  a  small  air-gap  was  arranged — the  gap  being  at  right 
angles  to  the  length  of  the  circuit  and  to  the  lines  of  induction. 

The  relative  intensity  at  various  points  in  the  plane  of  the  gap  was 
measured  by  means  of  an  exploring  coil  connected  to  the  oscillation 
galvanometer,  while  the  alternating  current  producing  the  induction 
flowed  through  the  main  coils  of  the  inductance.  The  amplitude  of 
the  galvanometer  oscillation  was  thus  a  measure  of  the  intensity  of 
induction, 
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With  a  steady  magnetising  force  the  distribution  of  induction  is 
uniform  except  at  the  edges  where  the  fringe  effect  is  observed.  But 
with  a  varying  magnetising  force,  such  as  that  given  by  a  sinuous 
current,  there  is  apparently  a  screening  effect,  or  something  analogous 
to  screening,  which  prevents  the  interior  portion  attaining  the 
full  value  of  magnetisation  ap- 
propriate to  the  impressed 
magnetising  force. 

f^'S-  9  gives  two  curves 
showing  the  magnetic  induction 
for  a  frequency  of  loo  per 
second,  and  for  a  frequency  of 
14*6  per  second,  in  the  interior 
of  the  air-gap  at  different  dis- 
tances from  the  centre. 

By  extra  polation  it  is  seen 
that  the  drop  in  the  value  of  the 
magnetic  induction  between 
the  edge  of  the  iron  core  and 
its  centre  is  about  3  per  cent, 
for  the  lower  frequency  and 
about  22  per  cent,  for  the 
higher  frequency. 

This  explains  in  part  the 
decreasing  value  of  L  of  such 
an  instrument  as  the  frequency 
is  raised. 

Inductances  of  another  form 
have  been  designed  with  the  figures  given  above  as  the  basis.  These 
were  to  give  inductance  values  for  the  different  sections  increasing 
in  arithmetical  order  from  12  to  60  henries  for  a  constant  air-gap  of 
o'l  cm.  The  curves,  Fig.  10,  show  the  predicted  values  and  the  actual 
values  given  by  the  instrument  after  it  was  built. 


Sections  of  coil. 


Flo.  10.— Showing  Agreement  between 
Theory  and  Practice. 


The  Permeability  of  the  Magnetic  Circuit  for  Very  Low 
Magnetic  Forces. 

The  mean  value  of  the  permeability  may  be  roughly  estimated  from 
the  inductance  and  the  geometrical  dimensions  of  the  instrument. 

The  flux  Ns=i^— J- — ^,  where  ^wnC  is  the  magnetising  force,  A 

the  cross-sectional  area  of  the  iron,  and  /  the  mean  length  of  the 
magnetic  path. 

Therefore  the  mean  permeability  ft'  = p^. 

For  a  magnetic  circuit  containing  four  closely  fitting  planed  and 
polished  surfaces  in  series  with  each  other,  and  all  at  right  angles  to 
the  lines  of  induction,  this  gives  the  value  of  /«'  as  228.    This  magnetic 
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circuit  is  made  of  Stalloy  iron  plates  0014  in.  thick  and  closely  packed. 
The  magnetising  force  being  0*0003  C.G.S.  per  centimetre,  and  the 
alternating-current  strength  8  x  lo**  C.G.S.  The  form  of  the  magnetic 
circuit  of  this  inductance  is  approximately  that  given  in  Fig.  7. 

Ratio  of  the  Inductanxes  of  a  Coil  With  and  Without  Iron. 

Calculating  the  inductance  \J  of  a  coil  alone,  and  measuring  the 
total  inductance  L  of  the  coil  with  iron,  the  instrument  under  considera- 
tion in  the  previous  paragraph  gives  the  value  of  the  inductance  of  the 
iron-cored  coil  as  44  times  that  of  the  ironless  one,  or — 

L  . 

L>=44  =  ^. 

The  Value  of  fx  Again. 

A  superior  limit  to  the  value  of  fx  may  be  obtained  from  the  value 
of  k.  Assuming  the  coil  to  be  completely  suirounded  by  iron  to  a  great 
depth  in  space,  instead  of  being  simply  linked  with  an  iron  rectangle 
as  in  Fig.  7,  the  reluctance  of  the  exterior  magnetic  circuit  would 
become  small  in  comparison  with  that  of  the  interior.  If  the  exterior 
reluctance  were  negligible,  the  total  reluctance  would  be  reduced  to 
about  ith  of* that  which  gave  A  =  44  above,  since  the  iron  part  of  the 
mean  magnetic  circuit  is  approximately  Jth  of  the  whole  length.  This 
reasoning  would  give — 

^'  =  6  ^  =  264. 

The  value  of  fi  as  actually  measured  was  228. 

Results. 

Beside  the  method  of  measurement  here  described  the  following 
results  have  been  obtained  : — 

1.  That  measurements  based  on  a  determination  of  square  root 

of  mean  square  would  serve  fairly  well  for  low  magnetising 
forces. 

2.  That  the  inductance  of  an  iron-cored  coil  is  nearly  indepen- 

dent of  frequency  for  all  frequencies  up  to  about  20  per 
second,  when  the  magnetising  force  does  not  exceed 
004  C.G.S. 

3.  That  the  inductance  of  a  nearly  closed  magnetic  circuit  is 

a  definite  and  dependable  function  of  the  width  of  the 
air-gap  for  moderate  currents  and  frequencies. 
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MAGNETIC    RELUCTANCE    OF    JOINTS    IN 
TRANSFORMER    IRON. 

By  Dr.  H.  Bohle,  Cape  Town,  Member. 

[Reaivcd  April  27,  1908.) 

For  the  determination  of  the  no-load  currents  of  transformers  a 
knowledge  of  the  magnetic  reluctance  of  the  joints  in  the  iron  core 
is  necessary.  The  usual  practice  consists  in  assuming  that  each  joint 
is  equivalent  to  a  film  of  air  0*005  cm.  long,  this  being  the  mean  of  a 
number  of  values  given  by  Professor  Ewing  in  his  well-known  treatise, 
"Magnetic  Induction  in  Iron  and  Other  Metals/'  on  pages  385-291. 
Unfortunately,  these  figures  were  obtained  from  tests  on  solid  rods, 
whereas  for  transformers  laminated  cores  can  only  be  employed. 
Moreover,  the  tests  were  made  with  butt  joints  alone,  and  data  for 
overlapping  joints  are  not  available,  at  least  as  far  as  the  author  is 
aware. 

In  transformer  design,  some  assume  that  cores  with  overlapping 
joints  are  equivalent  to  jointless  frames,  while  others  consider  over- 
lapping joints  no  better  than  butt  joints. 

The  object  of  the  present  paper  is  to  determine  how  far  Professor 
Ewing's  data  hold  for  laminated  cores,  and  the  relative  merit  of  "butt 
and  overlapping  joints. 

Description  of  Apparatus, — Two  magnetic  squares  were  built  up,  one 
jointless,  the  other  consisting  of  stampings  capable  of  being  placed 
together  so  as  to  form  abutting  or  overlapping  joints,  without  altering 
the  mean  length  of  the  magnetic  path.  The  numt)er  of  joints  in  each 
case  was  four.  To  make  the  flux  distribution  as  uniform  as  possible 
over  the  whole  cross-section,  the  width  of  a  stamping  was  made  less 
than  one-tenth  of  a  side  of  the  square.  The  exciting  winding  of  460 
turns  was  placed  uniformly  along  the  whole  circumference,  in  order  to 
reduce  magnetic  leakage  to  a  minimum.  The  quantity  of  iron  em- 
ployed was  10  kgs.  per  magnetic  square.  For  testing  direct  current 
was  employed,  which  is  permissible,  since  the  magnetisations  due  to 
direct  and  alternate  currents  differ  little,  according  to  the  investiga- 
tions by  Gumlich  and  Rose. 
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Although  the  stampings  of  both  frames  were  supposed  to  be 
obtained  from  the  same  bulk  of  material,  a  direct  comparison  was 
impossible,  because  permeabilities  differ  often  even  within  a  single 
sheet.    In  fact,  it  was  found — also  shown  in  the  accompanying  figures 
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— that  the  material  for  the  jointed  core  was  a  great  deal  superior  to 
that  for  the  jointless  core.  This  difl&culty  was  overcome  by  testing — 
after  demagnetisation — the  first  frame  with  the  core  in  one  piece,  and 


Kilo-lines. 


Fio.  2. 


again  after  it  had  been  provided  with  a  butt  joint.  The  results  of  these 
two  tests  are  shown  in  Fig.  i,  and  the  equivalent  length  of  air-gaps  in 
Fig.  2.  The  abutting  surfaces  were  carefully  brought  together,  but 
without  compression. 

The  second  frame  was  next  used,  built  up  with  four  butt  joints, 
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carefully  made  but  neither  compressed  beyond  what  was  due  to  the 
weights  of  the  cores,  nor  machined.  Previous  to  each  test  the  iron 
was  demagnetised  as  far  as  possible.  The  test  was  then  repeated  by 
placing  the  joints  under  compression  by  means  of  suitable  clamps. 
The  actual  compressive  stress  was  not  measured,  but  was  of  a  nature 
corresponding  as  far  as  possible  to  actual  transformer  practice.    The 


Kik 

Hines 

lA 

^^ 

Via 

c 

y 

lX 

^ 

^ 

5^ 

^ 

? 

^ 

o 

.<<^' 

'«^-. 

> 

^/^ 

i;  lo 

^ 

^ 

r 

^ 

y 

j^jife 

s_ 

y 

^ 

-*. 

^ 

^" 

i' 

h 

— 

/ 

/ 

t^ 

/VOv 

? 

/ 

<5; 

^o^ 

^6 

1 

y 

W 

1 

/ 

t* 

1 

/ 

t 

«      * 

2 

- 

- 

J 

— 

O 

-J 

1  1 

z 

1 

-J 

\ 

6 

Li 

? 

— 

L  1 

100      200      >X)     400      500      600      }D0       dOO      900    U>00 

Ampepft-Cumi 
Fig.  3. 


IS      »       — 


results  of  the  tests  are  illustrated  in  Figs.  3  and  4,  together  with  the 
magnetisation  curve  corresponding  to  a  jointless  core,  which  could 
now  be  plotted  with  the  aid  of  Fig.  i.  It  will  be  noticed  that  the  iron 
of  the  jointed  frame  is  superior  to  that  of  the  jointless  core. 

Frame  No.  2  was  then  taken  to  pieces,  and  this  time  built  up  with 
overlapping  joints,  demagnetised  and  tested  as  before.  The  results  are 
shown  in  Figs.  5  and  6. 
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The  four  cores  of  the  same  frame  were  then  once  more  arranged 
with  butt  joints,  which  were  this  time  carefully  machined  and  tested, 
(i)  non-compressed,  (2)  compressed,  obtaining  the  results  shown  in 
Figs.  7  and  8. 

In  order  to  be  able  to  compare  the  relative  merits  of  the  different 
types  of  joints,  the  results  have  been  plotted  in  the  following  table  : — 

Table. 


Flux 
Density. 

Equivalent  Length  of  Single  Air-gap  in  Centimetres. 

1 

Unes  per 

Square 
CenUmetre. 

Butt  Joint. 
Rougti.  Non- 
compressed. 

000470 

Butt  Joint, 

Kough. 
Compressed. 

Overlapping 
Joint 

Butt  Joint, 
Mactiined. 

Non- 
compressed. 

Butt  Joint. 
Machined.     \ 
Compressed.   ' 

4,000 

0-00370 

000165 

000470 

0-00290      , 

5,000 

000495 

000405 

000205 

000495 

000320 

6,000 

000520 

000430 

0*00240 

0-00520 

0-00335 

7,000 
8,000 

0-00535 

000460 

0-00270 

0-00530 

0-00355      1 

0-00545 

0-00475 

0*00300 

000540 

0*00370 
000380 

9,000 

000555 

000490 

0-00320 

0*00547 

10,000 

000560 

0-00505 

0-00330 

0-00550 

000395 

11,000 

0-00570 

000515 

0*00340 

0*00555 

000410 

12,000 

0-00575 

0*00520 

0*00350 

000560 

000425 

13,000 

0*00580 

0*00530 

0*00360 

0*00565 

000430 

14,000 

000585 

" 

" 

~ 

~ 

In  analysing  the  results  of  this  table  we  find  that  a  machined  butt 
joint  when  not  compressed  is  no  better  than  a  rough  one.  In  both 
cases  is  the  length  of  the  gap  reduced  considerably  when  compression 
is  applied,  especially  in  machined  joints,  which  are  almost  as  good  as 
overlapping  joints.  The  reluctance  of  the  latter,  although  lower  than 
that  of  the  ordinary  butt  joint,  is  by  no  means  a  negligible  quantity, 
especially  for  high  flux  densities.  The  reluctance  of  these  joints  is  due 
to  the  fact  that  the  flux  bends  out  from  one  sheet  to  another,  whereby 
the  flux  is  somewhat  contracted,  this  being  equivalent  to  an  increase 
in  the  length  of  the  gap  between  the  sheets.  As  the  contraction 
increases  with  the  flux  density,  the  rising  of  the  curve  in  Fig.  6  is 
natural.  Also  the  insulation  of  the  sheets  (those  used  in  the  test  were 
coated  with  varnish)  augments  somewhat  the  length  of  the  gap. 

It  would  appear  from  these  tests  that  a  mean  value  of  0*005  cm.  per 
single  gap  would  meet  the  case  for  all  butt  joints.  Experience  has, 
however,  shown  that  this  is  hardly  correct.  In  the  above  tests  the 
sheets  were  assembled  with  the  greatest  care,  so  that  the  abutting 
ends  were  perfectly  even  ;  but  such  accuracy  cannot  be  bestowed  on 
work  done  in  the  factory.  In  all  cases  it  will  be  safer  to  use  values 
50  or  even  100  per  cent,  higher  than  those  given  in  the  table,  according 
to  workmanship. 
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As  regards  overlapping  joints,  a  gap  length  of  0*004  cm.  will  in 
most  cases  give  results  on  the  safe  side,  this  being  somewhat  larger 
than  the  mean  value  in  the  table,  taking  into  account  uneven  insulation 
of  the  stampings. 

When  cores  are  so  placed  together  that  the  stampings  cross  one 
another,  it  is  essential  that  a  thin  sheet  of  insulating  material  is  inserted 
to  prevent  the  production  of  eddy  currents  near  the  joint.  The 
thickness  of  the  insulation  should  then  be  added  to  the  figures  given 
in  the  table. 
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As  regards  the  setting  up  of  eddy  currents,  overlapping  joints  are 
little  better  than  butt  joints,  and  the  type  of  joint  applied  will,  there- 
fore, depend  chiefly  upon  the  class  of  work  the  transformer  is  intended 
to  do.  For  lighting  transformers  a  small  no-load  current  is  of  great 
advantage  to  reduce  the  wattless  currents.  For  power  transformers 
which  are  usually  disconnected  when  the  power  is  no  longer  required, 
and  which  are  more  fully  loaded,  the  wattless  currents  are  of  no 
importance,  and  butt  joints  are  no  disadvantage.  As  regards  the 
manufacturing  cost,  there  is  little  to  choose  between  the  joints  except 
in  the  case  of  large  transformers,  where  butt  joints  are  somewhat 
cheaper. 
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Proceedings  *  of  the  Four  Hundred  and  Seventy- 
eighth  Ordinary  General  Meeting  of  the  Insti- 
tution of  Electrical  Engineers,  held  in  the 
Rooms  of  the  Royal  Society  of  Arts,  John 
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1908 — Colonel  R.  E.  Crompton,  CB.,  President, 
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The  minutes  of  the  Ordinary  General  Meeting,  held  on  April  30th, 
were  taken  as  read,  and  confirmed. 

The  list  of  candidates  for  election  into  the  Institution  was  taken  as 
read,  and  it  was  ordered  that  it  should  be  suspended  in  the  Library. 

The  following  list  of  transfers  was  published  as  having  been 
approved  by  the  Council : — 

TRANSFERS, 

From  the  class  of  Associates  to  that  of  Associate  Members  : — 
Thco.  E.  Thomas.  |  Charles  VVyatt. 

From  the  class  of  Students  to  that  of  Associate  Members  : — 
John  Butcher.  |  R.  A.  Sheldon. 

Mcisrs.  C.  C.  Patcrson  and  F.  J.  Gerrard  were  appointed  scrutinecr^> 
of  the  ballot  for  the  election  of  new  members,  and,  at  the  end  of  the 
meeting,  the  following  were  declared  to  have  been  duly  elected  : — 
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ELECTIONS. 

As  Associate  Members, 


Selig  Kenneth  Broadfoot. 
Walter  Golding. 
Charles  William  Inggs. 
Walter  Elderton  Kidner. 


Maxwell  B.  Logan. 

Arthur  R.  Macdonald. 

Dr.  Mario  De  Andrade  Ramos. 

Herbert  Robertson. 


Lewis  Anderson  Smart. 

As  Associate, 
Thomas  Pearson. 


Reginald  Gilray  Barton. 
Harry  Norman  CunUffe. 
Percy  Furness. 
Alan  Edward  D.  Kennard. 


As  Students, 

David  John  Leacock. 
Frank  Parkinson. 
Alexander  Schmidt. 
William  Arthur  Stephens. 


The  following  students  were  omitted  from  the  list  of  April  2, 1908  :— 


William  Anthony  A.  Burgess. 

George  William  Burle)'. 

Hugh  Ching. 

James  Claughton. 

James  Davies. 

Arthur   Edward    H.  Dinham- 

Peren. 
Stanley  Dudman. 
Kenneth  Newton  Eckhard. 
Aneurin  Caradoc  Evans. 
William  Arthur  Fletcher. 
William  Basil  Garrett. 
Birendra  Chandra  Gupta. 
Leslie  Gordon  Harris. 


Ccdric  Dudley  Hayhurst. 
Cecil  Hugh  Hay  ward. 
Harold  Cecil  Heath. 
Leonard  Robert  Hickman. 
Arthur  Reginald  Hinde. 
Douglas  W.  J.  Janes. 
William  Gedcn  Johnson. 
Geoffrey  Harcourt  Landon. 
Frederic  Charles  Lunnon. 
George  Meyer  Meyer. 
Percy  Nutter. 
Donald  Ash  more  Pearson. 
Graham  Francis  H.  Satow. 
Ernest  Saunders  White. 


Arnold  Morley  Willis. 

Donations  to  the  Library  were  announced  as  having  been  received 
since  the  last  meeting  from  Messrs.  Blackie  &  Sons,  Ltd.,  the  En- 
gineering Standards  Committee,  E.  Guarini,  E.  P.  Hyde,  R.  B. 
Matthews,  the  Allgcmeine  Elektrizitats  Gesellschaft ;  and  to  the 
Building  Fund  from  J.  H.  Garratt  and  A.  Wright,  to  whom  the 
thanks  of  the  Institution  were  duly  accorded. 


The  following  paper  was  read  and  discussed  ; — 
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THE    MANUFACTURE    OF    ELECTRICAL 
CONDENSERS. 

By  G.  F.  MANSBRIDGE,  Member. 

{Paper  received  January  S^  and  read  in  London  on  May  7,  1908.) 

Although  electrical  condensers  are  among  the  oldest  devices  in  the 
art  of  applied  electricity,  it  is  only  within  the  last  few  years  that  the 
demand  for  them  has  assumed  any  degree  of  commercial  importance. 
Until  about  1898  practically  the  whole  of  the  supplies  were  for  telegraph 
work,  but  since  then  the  situation  has  been  entirely  changed  by  the 
great  development  of  the  telephone  service  of  the  world,  and  par- 
ticularly of  the  common-battery  system,  in  which  condensers  play  a 
modest  but  important  role.  The  magnitude  of  the  present  demand 
may  be  gauged  from  the  fact  that  the  aggregate  output  of  condensers 
in  Europe  and  America  during  1907  is  estimated  at  the  once-inconceiv- 
able capacity  of  5  farads. 

With  manufacture  established  on  this  scale,  economy  in  production 
is  imperative,  and  the  skilled  hand  of  the  'nineties,  who  laboriously 
assembled  or  ''built"  his  i  or  2  microfarads  per  day,  has  given 
place  to  the  machine  hand  who,  with  less  physical  distress,  readily 
tarns  out  one  hundred  times  that  quantity  per  diem.  As  a  result  the 
manufacturing  costs  have  been  so  greatly  reduced  that  condensers 
equal  in  quality  to  those  produced  ten  years  ago  can  now  be  purchased 
at  approximately  one-tenth  the  price.  This  reduction  in  cost  has 
t>rougbt  about  a  yet  further  increase  in  the  demand,  since  it  now 
pays  to  employ  condensers  for  many  services  from  which  they  were 
previously  shut  out  by  their  high  cost.  Consequent,  no  doubt,  upon 
the  newness  of  the  industry,  very  little  seems  to  have  been  published 
in  the  way  of  precise  physical,  electrical,  or  manufacturing  data,  and 
the  present  paper  is  an  attempt  to  deal  with  some  of  the  technical 
points  which  seem  to  be  of  the  most  importance  in  the  manufacture 
and  use  of  condensers. 

Throughout  the  paper  the  subject  has  been  looked  at  chiefly  from 
the  point  of  view  of  the  practician ;  the  numerical  data  quoted  must 
therefore  be  considered,  not  as  figures  obtained  in  a  laboratory,  but  as 
representing  the  carefully  digested  results  of  workshop  tests  made  in 
the  ordinary  course  on  large  batches  of  condensers.  These  tests, 
though  made  with  reasonable  care,  nuiy  not  be  of  the  high  order  of 
accuracy  obtainable  with  tests  of  isolated  specimens  taken  under 
laboratory  conditions,  but  it  is  thought  that  their  accuracy  is  sufficiently 
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close  for  all  ordinary  purposes,  and  that  they  will  be  of  practical  value 
as  representing  the  average  of  a  very  large  number  of  results  obtained 
under  commercial  conditions.  The  author  has,  moreover,  no  respect 
for  five-figure  results  worked  out  on  two-figure  galvanometer  deflec- 
tions. 

Many  of  the  data  are  gleaned  from  the  records  of  the  Post  Office 
factory  at  Mount  Pleasant,  Clerkenwell,  London,  E.G.,  and  for  permis- 
sion to  publish  these  the  author  has  to  acknowledge  his  indebtedness 
to  Mr.  J.  W.  Willmot,  I.S.O.,  the  Controller  of  the  Factories'  Depart- 
ment  of  the  Post  Office. 

For  convenience  of  description,  the  various  types  of  condensers  are 
considered  separately.  They  fall  naturally  into  four  chief  classes 
namely — 

I.  Mica. 
II.  Glass. 

III.  Paper  or   other   fibrous  material   impregnated  with    wax, 

resin,  oil,  etc. 

IV.  Electrolytic  cells. 

I.  Mica  Condensers, — On  account  of  the  very  high  cost  of  mica  sheet 
suitable  for  the  work,  condensers  of  this  form  are  but  little  used. 

Mica  condensers,  when  well  made,  retain  their  capacity  and  insula- 
tion better  than  those  made  of  paper,  and  they  have  also  a  higher 
dielectric  strength  for  the  same  thickness,  but  the  cost  per  microfarad 
is  approximately  ten  times  greater  than  that  of  paper  condensers. 
Fortunately,  the  inductive  capacity  of  mica  is  high  (about  twice 
that  of  paraffined  paper),  or  the  labour  cost  would  be  excessive,  since 
the  size  of  the  sheets  is  limited  to  about  4  in.  by  3  in.,  the  cost  of 
larger  sheets  of  uniform  thickness  being  prohibitive.  A  good  working 
thickness  is  0*0015  to  0*002  in.,  and  if  the  material  is  carefully  selected 
there  is  no  necessity,  for  ordinary  purposes,  to  use  more  than  one  sheet 
between  consecutive  foils.  For  purposes  where  mechanical  strength 
in  the  condenser  plate  itself  is  of  special  advantage  mica  is  very  satis- 
factory, and  for  standards  it  is  unrivalled.  In  standards  the  chief 
desiderata  are : — 

(i)  Constant  capacity  with  efflux  of  time. 

(2)  Constant  capacity  with  varying  temperature. 

(3)  High  insulation  and  low  absorption. 

To  obtain  (i)  it  is  necessary  that  the  mica  and  tinfoil  sheets  be 
perfectly  flat  and  free  from  inequalities,  so  that  they  will  build  up 
under  pressure  into  a  solid  mass  without  flexure  or  mechanical  strain  ; 
it  is  also  necessary  that  in  assembling  the  sheets  all  air-bubbles  be 
excluded. 

To  obtain  (2)  advantage  is  taken  of  the  fact  discovered  by  Dr. 
Alexander  Muirhead*  that  the  mica  sheets  have  a  positive  temperature 

•  U.K.  Patent  15337.  1891.  A.  Muirhead. 
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coefficient  if  coated  with  shellac,  and  a  negative  temperature  co- 
efficient if  coated  with  paraffin.  By  building  a  condenser  in  two 
sections,  one  treated  with  shellac  and  one  with  paraffin  wax,  the 
variation  of  capacity  within  ordinary  limits  of  temperature  can  thus 
be  brought  practically  to  vanishing-point. 

To  obtain  (3)  it  is  necessary  to  use  only  selected  sheets  of  the  finest 
clear  "ruby"  mica,  which  must  be  uniform  in  thickness  throughout  the 
sheet,  and  free  from  cracks,  veins,  or  flaws ;  spotted  or  "  speckled  " 
mica  is  useless  for  the  purpose.*  The  shellac  employed  should  be 
the  finest  button  lac  dissolved  in  absolute  alcohol  and  carefully 
strained  until  perfectly  free  from  suspended  matter.  The  building 
up  or  assembling  of  the  sheets  of  foil  and  mica  may  conveniently 
be  done  on  a  **  hot  plate,"  the  greatest  care  being  taken  to  exclude 
air-bubbles,  grit,  or  excess  of  paraffin  or  shellac.  The  desiccation 
should  be  slow  but  thorough,  and  the  temperature  should  not  exceed 
2r2'^Fahr.  The  finished  condenser  should  be  carefully  and  not  ex- 
cessively pressed,  and  should  be  allowed  to  cool  under  pressure  in 
the  ordinary  way. 

H.  Glass  Condensers, — A  few  years  ago  the  Leyden  jar  would  not 
have  called  for  comment  in  a  "practical"  paper,  but  the  requirements 
of  wireless  telegraphy  and  X-ray  work  have  latterly  increased  the 
importance  of  apparatus  of  this  character,  and  there  is  now  quite  an 
appreciable  trade  in  glass  jars  for  this  specific  purpose.  As  is  well 
known  to  wireless  workers,  Leyden  jars,  like  other  condensers,  are 
prone  to  fail  in  use  if  at  any  point  there  is  imperfect  contact  between 
the  conductor  and  the  dielectric,  and  to  avoid  this  difficulty  the  t>cst 
plan  is  to  silverplate  the  glass.  This  may  be  done  by  precipitating 
metallic  silver  on  to  the  glass  in  the  form  of  a  bright  continuous  film 
by  the  well-known  method  employed  for  silvering  galvanometer 
mirrors,  etc  The  solution  generally  used  is  nitrate  of  silver  which 
has  t>een  treated  with  ammonia  until  the  precipitate  first  formed  has 
been  completely  re-dissolved«  The  surface  of  the  glass  must  be 
cleaned  with  the  most  scrupulous  care  before  plating  is  attempted,  or 
an  imperfect  coating  will  result  The^  silver  coating  should  then 
be  mechanically  strengthened  by  a  protecting  layer  of  varnish,  or  it 
may  l>e  over-plated  with  copper. 

An  important  development  of  this  silver-plated  Leyden  jar  is  to  be 
found  in  the  Moscicki  high-tension  condenser  recently  placed  on  the 
market  A  brief  description  of  this  condenser  has  already  been  made 
public,  but  it  is  thought  that  the  apparatus  is  of  sufficient  interest  to 
\v arrant  detailed  reference,  and  by  the  courtesy  of  Messrs.  Isenthal  & 
Co.,  of  Mortimer  Street^  London,  the  author  is  able  to  exhibit  a  condenser 
of  this  form  in  a  manner  which  will  permit  of  the  construction  being 
readily  seen.  In  the  author's  opinion  this  condenser  represents  the 
most  satisfactory  and  practical  high-tension  condenser  for  commercial 
work  which  has  been  introduced  up  to  the  present 

*  An  Intcmtinj;  mcnionuKhim  on  mica  has  recently  be«i  pobliibed  t»y  the  United 
States  Deportment  oi  the  Interior. 
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The  failures  of  previous  high-tension  condensers  were  due  to  im- 
perfect adaptation  of  the  material  to  the  requirements  and  to  the 
inherent  weakness  or  instability  of  the  dielectric,  and,  as  is  well  known, 
the  working  life  of  such  condensers  was  invariably  short.  In  the 
Moscicki  condenser  great  technical  skill  has  been  shown  in  adapting 
the  material  so  as  best  to  meet  the  onerous  conditions.  An  imperish- 
able and  highly  stable  material,  glass,  is  used  for  the  dielectric,  a  most 
intimate  and  complete  contact  is  made  between  the  conductor  and  the 
dielectric  by  chemical  deposition  of  silver,  excessive  strains  are 
avoided  at  the  point  of  high  dielectric  stress  (the  edges)  by  suitably 
thickening  the  dielectric  at  this  point,  and  the  effects  of  local  heating 
are  minimised  by  water-cooling.  The  failures  of  high-tenaon  con- 
densers of  other  types  have  no  doubt  engendered  a  certain  feeling  of 
distrust  in  the  minds  of  many  station  engineers,  and  it  may  be  that  this 
suspicion  will  take  some  time  to  eradicate.  In  view,  however,  of  the 
large  number  of  stations  working  with  a  power  factor  ranging  about 
075,  and  of  the  advantages  to  be  gained  by  improving  this  power  factor, 
the  author  would  suggest  that  the  question  of  installing  a  battery  of 
modern  glass  condensers  at  such  stations  is  worthy  of  more  than  passing 
consideration. 

III.  Condensers  with  Paper  or  othet  Fibrous  Dielectrics. — Although 
this  form  of  condenser  has  been  employed  for  many  years,  there  have 
been  but  few  important  changes  in  the  process  of  manufacture  until 
lately.  The  standard  practice  up  to  the  last  decade  was  to  use  separate 
sheets  of  tissue  paper  and  separate  sheets  of  thin  metallic  foil,  and  the 
method  employed  was  to  dry  the  paper  by  heat,  then  to  transfer  it  to 
a  bath  of  hot  paraffin  wax,  and  after  due  soaking  to  build  up  the 
condenser  on  a  "hot  plate,"  the  paper  being  taken  sheet  by  sheet 
from  the  bath  of  hot  wax.  At  least  two  sheets  of  paper  were  used 
between  consecutive  foils,  the  alternate  foils  being  bunched  into  two 
books  in  the  well-known  way.  The  paper  used  was  of  fine  quality, 
giving  only  a  minute  percentage  of  ash  on  incineration,  being  free  from 
grit,  holes,  specks,  etc.,  and  being  neutral  in  chemical  reaction.  A  good 
working  thickness  was  o'ooi  in.  The  metal  foil  was  usually  of  tin, 
the  thickness  being  about  0*0003  in. 

Obviously  this  method  of  building  condenser  plates  was  slow, 
tedious,  and  expensive,  and  it  had  the  further  disadvantage  that  as 
the  workmen  who  handled  the  material  were  exposed  to  a  high 
temperature,  the  risk  of  contamination  of  the  wax  by  emanations 
from  the  body  was  great ;  indeed,  the  difficulty  was  such  a  serious 
one  that  the  manufacture  of  satisfactory  condensers  in  very  hot 
weather  was  practically  impossible,  and  in  London  it  often  became  neces- 
sary, on  this  account,  to  cease  manufacture  during  the  summer  months. 
Even  in  cooler  weather  it  was  necessary  to  select  workmen  who  were 
not  prone  to  perspire  freely,  as  only  such  men  could  be  depended  upon 
to  produce  condensers  with  satiisfactory  and  permanent  insulation. 
In  consequence  of  this  difficulty,  the  author  found  it  of  advantage 
to  build  up  the  condenser  plates  "dry"  in  a  separate  room  and  to 
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desiccate  and  impregnate  the  condensers  as  a  subsequent  operation. 
By  this  arrangement  practically  all  the  handling  was  done  under  more 
f  ivourable  conditions  in  a  cool  shop,  and  the  electrical  results  obtained 
were  more  satisfactory  than  under  the  old  system,  and  at  the  same 
time  the  cost  of  manufacture  was  considerably  reduced.  The  slow 
process  of  assembling  the  sheets  one  by  one  and  of  handling  about 
250  separate  pieces  to  make  up  a  i-microfarad  plate  had,  however,  still 
to  be  reckoned  with,  and  the  percentage  of  failures  through  short 
circuit  or  low  insulation  was  considerable,  so  that  the  labour  cost 
remained  an  important  factor. 

The  next  step  was  in  the  direction  of  bringing  down  this  high 
lat)oar  cost  by  reducing  the  number  of  pieces  to  be  handled.  The 
method  adopted  was  to  wind  up  into  the  form  of  a  roll  long  strips  of 
metal  foil,  two  strips  of  paper  being  interposed  l>etween  each  foil- 
that  is,  six  strips  in  all.  This  method,  which  was  introduced  to  the 
Post  Office  by  Sir  John  Gavey  in  1899,  had,  however,  difficulties*  of  its 
own.  Pure  tin  foil  of  the  requisite  thinness  could  not  at  that  time  be 
obtained  in  strips  longer  than  a  few  feet,  and  the  alternatives  were : 
(i)  to  feed  between  the  rolls  of  paper  a  series  of  strips  of  pure  tin  foil 
some  4  ft.  long,  each  strip  overlapping  its  predecessor  by  an  inch  or 
two  so  as  to  maifttain  continuity  ;  or  (2)  to  use  a»  alloy  of  lead  and  tin 
which  could  be  obtained  in  continuous  lengths.  The  former  was  an 
awkward  and  unmechanical  arrangement,  and  the  latter  had  the 
disadvantage  of  producing  a  heavy  and  bulky  condenser.  Both 
methods  also  involved  a  considerable  proportion — rarely  less  than 
10  or  15  per  cent.^^f  short  circuits,  in  the  finished  plates  brought 
about  by  grit  in  the  foil  or  by  defects  in  the  paper.  In  endea- 
vouring to  overcome  these  difficulties,  the  authpr  hit  upon  the  idea 
of  using  metallised  or  **  foiled "  paper  of  the  same  character  as  that 
sometimes  employed  for  wrapping  up  packages  of  tea,  etc.  Experi- 
ments showed  that  commercial  "  tin-foiled  paper  **  as  then  made  was 
not  sufficiently  reliable  as  an  electrical  conductor  for  the  purpose; 
indeed,  %iany  samples,  although  having  apparently  an  excellent 
metallic  surface,  were  found  to  be  almost  as  devoid  of  conductivity 
as  paper  itself.  Microscopic  examination  revealed  that  this  want  of 
conductivity  was  chiefly  due  to  the  tin  being  distributed,  not  as  a 
continuous  film  over  the  surface  of  the  paper,  but  in  small  isolated 
patches,  the  breaks  between  the  contiguous  patches  being  due  to  small 
fibres  of  the  paper  standing  at>ove  the  average  level.  Further,  it  was 
found  that  even  in  those  samples  which  gave  fair  conductivity  in  the 
plain  sheet  very  little  creasing  of  the  paper  sufficed  to  destroy  the  con- 
tinuity. The  matter  was,  however,  considered  sufficiently  promising  to 
warrant  careful  investigation,  and  the  difficulties  in  the  way  of  producing 
a  thoroughly  reliable  conducting  surface  on  such  paper  were  found  to 
be  surmountable."^ 

For  assistance  in  carrying  this  part  of  the  work  to  a  successful 
issue,  the  author  desires  to  express  his  indebtedness  to  Messrs.  Olive 
*  V.K  Patent  19451,  1900,  G.  F.  Mansbridgc 
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&  Partington,  Ltd.,  of  Upper  Thames  Street,  London,  who  gave 
the  matter  considerable  technical  attention  at  their  works  and  who 
were  the  first  to  produce  foiled  paper  for  electrical  purposes  on 
a  commercial  scale.  As  soon  as  supplies  of  good  electrical  foiled 
paper  became  available  the  manufacture  of  condensers  on  this 
principle  was  taken  up  by  the  Post  Office,  and  subsequently  by  various 
commercial  firms,  under  licence  from  the  patentee. 

The  process  of  preparing  this  foiled  paper  is  fairly  well  known  in 
the  paper-making  trade,  but  as  the  matter  will  probably  not  be  so 
familiar  to  members  of  this  Institution,  a  brief  description  may  be  of 
interest. 

As  is  well  known,  metallic  tin  may  be  thrown  down  from  its  solution 
either  chemically  or  electrically  in  the  form  of  an  impalpable  powder, 
and  the  preparation  of  the  finely  divided  metal  is  the  first  process. 
The  ingot  tin — previously  granulated  or  "  feathered  " — is  dissolved  in 
nitrohydrochloric  acid,  and  after  all  scum  and  insoluble  matter  have 
been  removed,  the  solution  is  diluted  and  the  tin  is  carefully  precipitated 
by  metallic  zinc,  or  by  the  action  of  a  weak  electric  current.  For  the 
best  results  the  most  minute  subdivision  of  the  tin  is  essential,  since 
only  the  thinnest  layer  of  metal  is  desired,  and  unless  this  layer  is 
uniform,  metal  will  b^  wasted  or  imperfect  continuit3rnvill  result.  After 
precipitation  the  powder  is  repeatedly  washed  to  free  it  from  all  traces 
of  acid,  and  is  sifted  through  sieves  of  the  most  minute  mesh  so  as  to 
eliminate  all  large  particles  of  tin  or  any  grit  with  which  it  may  have 
become  contaminated.  A  suitable  adhesive  such  as  size  is  added,  and 
the  tin  mud  is  then  passed  to  the  coating  machines.  These  are 
provided  with  mechanical  stirrers  to  prevent  the  metal  settling,  and 
with  rotating  brushes  and  spreaders  to  distribute  the  metal  evenly 
over  the  surface  of  the  paper  as  the  latter  passes  through  the  machine. 
In  some  machines  the  paper  is  passed  over  heated  cylinders  so  as 
to  dry  the*  coated  surface  quickly,  but  as  this  is  liable  to  reduce  the 
efficiency  of  the  adhesive  it  is  preferable  that  paper  for  electrical 
purposes  should  be  dried  more  slowly — for  instance,  by. exposure 
to  currents  of  warm  air.  The  dried  paper  then  presents  a  dull  grey 
appearance,  and  microscopic  examination  shows  that  the  surface  is 
covered  by  a  magma  of  minute  crystalline  particles  forming  a  layer  of 
appreciable  depth.  The  paper  then  passes  to  the  burnishing  rolls, 
which  consist  of  heated  heavy  steel  calenders  or  friction  rollers 
between  which  the  paper  is  fed.  These  friction  rollers  compress  the 
dull  magma  of  tin  powder  into  a  coherent  thin  film  having  the  lustre 
of  the  polished  metal.  During  this  process  any  comparatively  large 
crystals  of  tin  or  particles  of  grit  which  may  have  escaped  untrappcd 
will  be  driven  partly  or  wholly  through  the  paper,  but  the  effect  of  this 
is  eliminated  by  the  subsequent  electrical  treatment,  as  described  later 
on.  The  paper  is  now  passed  to  the  sUtting  machines,  where  it  is 
trimmed  and  cut  to  any  desired  width. 

It  is  interesting  to  note  that  prior  to  the  calendering  process 
referred  to,  the  film  of  tin  powder  is  non-conducting,  the  conductivity 
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being  produced  by  the  action  of  the  steel  burnishing  cylinders,  which 
so  consolidate  the  coating  as  to  bring  the  particles  into  intimate  contact 
each  with  its  neighbour.  Perfect  contact  between  every  particle  of  tin 
and  its  immediate  neighbours  can  hardly  be  expected,  but  in  view 
of  the  entire  want  of  conductivity  before  calendering,  it  is  perhaps 
surprising  that  in  properly  calendered  foiled  paper,  with  a  fairly  heavy 
coating,  the  conductivity  of  the  coating  may  be  as  much  as  50  per  cent, 
of  that  of  a  continuous  strip  of  pure  tin  of  equivalent  weighty  On  the 
foiled  paper  as  usually  made  for  condensers,  the  quantity  of  tin  averages 
25  grains  to  the  square  foot,  and  the  conductivity  is  about  25  per 
cent,  of  that  of  pure  tin,  the  resistance  of  a  strip  i  ft.  wide  averaging 
o*3  ohm  per  foot  run,  that  is,  0*3  ohm  per  square  foot  or  per  square 
metre.  This  density  of  coating  gives  a  surface  of  280  sq.  ft.  to  the 
pound  of  tin,  or  say,  57  sq.  metres  per  kilogramme  of  tin.  The 
average  thickness  of  the  tin  film  is  therefore  as  nearly  as  possible 
ooooi  of  an  inch,  or  say,  0*0025  millimetre.  Seeing  that  the  material 
is  semi-transparent,  the  current-carrying  capacity  of  this  film  is 
surprisingly  high,  the  fusing  current  in  air  l>eing  rather  more  than 
I  ampere  per  inch  of  width  for  the  standard  coating  of  25  grains 
per  square  foot ;  this  is  assuming  that  the  paper  has  not  t>een  creased. 
Bending  the  paper  round  even  a  very  small  radius  does  not  affect  the 
continuity,  but  if  the  paper  be  very  closely  folded  back  on  itself  so  as  to 
put  the  Elm  sharply  in  tension  or  compression,  a  certain  amount 
of  disintegration  follows,  and  the  fusing  current  is  correspondingly 
lower.  By  using  a  greater  density  of  coating,  say,  40  grains  per  square 
foot,  the  effect  of  creasing  is  greatly  diminished,  but  there  is  no 
necessity  for  this  higher  density  in  condenser  work,  since  the  creases 
in  the  rolled  condenser  even  at  the  centre  of  the  roll  are  not  very  sharp. 

Continuous  reels  of  electrical ly-conducting  foiled  paper  being 
available,  the  manufacture  of  a  condenser  is  a  very  rapid  and  simple 
operation,  since  all  that  is  necessary  is  to  roll  up  together  two  strips  of 
foiled  paper,  interleaved  with  two  strips  of  plain  paper,  the  number 
of  turns  being  dependent  on  the  capacity  required. 

The  foiled  papers  may  be  placed  with  their  metallic  sides  facing 
each  other,  but  separated  by  the  two  plain  papers,  in  which  c;isc  the 
two  body  papers  form  the  dielectric  on  the  opposite  side,  or,  alter- 
natively, the  papers  may  l>e  arranged  so  that  the  dielectric  on  each  side 
is  made  up  of  one  body  paper  and  one  plain  paper.  The  latter  plan 
is  preferable,  as  it  gives  a  more  even  distribution  of  the  dielectric 
strain.  Interleaving  paper  is  invariably  used  for  telegraph  or  telephone 
condensers,  since  the  insulation  otherwise  obtainable  is  but  a  few 
megohms.  The  machine  usually  employed  for  the  rolling  operation 
accommodates  two  reels  of  plain  and  two  reels  of  foiled  paper,  and  is  pro- 
vided with  a  set  of  interchangeable  winding  mandrels  of  various  dia- 
meters. The  winding  of  the  strips  on  to  the  mandrel  is  usually  done  by 
hand  if  the  number  of  turns  per  condenser  is  small,  but  in  some  in>tanccs 
more  than  a  hundred  turns  have  to  be  wound  on,  and  the  mandrel  may 
then  be  power  driven  with  advantage,  but  in  this  case  a  mechanical 
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counter  becomes  essential.  The  placing  of  the  strips  in  position  and 
the  starting  must  be  done  by  hand,  and  this  also  applies  to  the  insertion 
of  the  connecting  lugs,  which  should  be  strips  of  annealed  copper  foil, 
about  o'ooi  in.  thick  and  i  or  ^^  in.  wide.  These  strips  are  simply 
slipped  into  place  between  the  foiled  surface  and  the  interleaving 
paper,  and  are  so  light  that  they  readily  retain  their  position  ;  they 
should  make  contact  with  the  foiled  surface  over  practically  its  full 
width  and  should  protrude  about  i  in.,  so  as  to  serve  subsequently  as 
a  soldering  point  for  the  wire  connection.  The  two  lugs  should  be 
placed  at  the  middle  of  the  foiled  strips  rather  than  at  the  beginning 
or  end,  so  as  to  avoid  interposing  any  appreciable  resistance  into  the 
condenser  circuit.  This  plan  has  the  additional  advantage  that  thereby 
the  innermost  layers,  which  possibly  may  have  been  rather  sharply 
creased,  are  not  called  upon  to  transmit  any  considerable  current  on 
charge  or  discharge,  as  would  be  the  case  if  the  lugs  were  placed 
at  the  inner  end  of  the  roll. 

The  necessity  for  having  mandrels  of  different  diameters  arises  from 
the  fact  that  variously  shaped  condensers  are  demanded  ;  obviously 
plates  of  any  desired  capacity  can  be  made  on  any  one  mandrel  by 
merely  varying  the  number  of  turns.  From  first  principles  it  would 
be  expected  that  the  capacity  would  bs  directly  proportional  to  the 
area  of  the  electrodes,  but  in  practice  it  is  found  that,  within  limits, 
plates  of  high  capacity  require  appreciably  less  area  per  microfarad 
than  those  of  low  capacity.  This  is  particularly  the  case  where  the 
thickness  of  the  plate  is  small  in  comparison  with  its  length  and 
breadth.  There  is  therefore  a  saving  in  material  as  well  as  in  labour 
by  building  the  plates  in  as  large  units  as  possible.  Further,  it  is  found 
that  plates  built'  with  narrow  foiled  paper  require  less  material  per 
microfarad  than  those  built  with  wide  paper,  the  treatment  and 
material  being  otherwise  identical  throughout.  This  effect  is  doubtless 
due  to  the  wider  paper  offering  greater  facilities  for  trapping  the 
paraffin  instead  of  allowing  it  to  be  expressed.  The  two  eflfects  taken 
together  indicate  that  a  condenser  in  the  form  of  a  cube  would  require 
less  material  than  one  in  any  other  shape.  The  cube  is,  however,  not 
the  most  suitable  shape  for  manufacture,  and  as  the  conditions  of 
service  are  often  such  as  to  demand  the  adoption  of  thin,  flat  plates, 
the  usual  compromise  has  resulted.  The  standard  sizes  adopted  by  the 
Post  Office  are  shown  in  the  specifications  included  in  the  Appendix. 
The  capacity  most  in  demand  for  telephone  work  is  2  microfarads,  and 
as  plates  of  this  size  form  a  convenient  manufacturing  unit,  they  are 
usually  taken  as  the  basis  on  which  to  frame  standard  data  for  manu- 
facturing purposes.  Condensers  of  larger  capacity  are  almost  in- 
variably built  up  by  assembling  standard  units,  rather  than  by  direct 
manufacture  in  large  plates.  The  usual  sizes  of  paper  at  present  in 
use  are  :  for  interleaving  paper,  7J  or  4  in.  wide  by  ^  mil  thick,  giving 
about  400  sq.  ft.  to  the  pound  ;  for  foiled  paper,  6f  or  3^  in.  wide  by 
I J  mils  thick,  giving  100  sq.  ft.  of  conducting  surface  to  the  pound,  and 
consisting  of  35  per  cent,  tin  and  65  per  cent,  paper. 
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At  one  time  an  unfoiled  margin  was  left  on  each  side  of  the  foiled 
strip,  but  since  the  introduction  of  the  "  breakdown  process "  subse- 
quently referred  to,  this  has  been  found  unnecessary.  The  substance 
of  the  paper  is  gauged  on  a  ten-fold  thickness  by  means  of  the  usual 
screw  micrometer,  as  specially  made  with  large  contact  surfaces  for 
paper  gauging.  With  i^mil  foiled  paper  and  i-mil  interleaving 
paper,  the  area  required  for  a  2-microfarad  plate  is  about  I2i  sq.  ft. 
for  each  electrode.  The  volume  of  the  plate  after  waxing  and  pressing 
is  approximately  7^  cub.  in.,  and  the  weight  7  oz.  The  insulation 
between  the  electrodes,  taken  at  60°  Fahr.  with  400  volts  after 
one  minute's  electrification,  usually  lies  between  1,000  and  2,000 
megohms  per  microfarad.^  Any  lower  insulation  than  1,000  megohms 
per  microfarad  is  an  indication  of  imperfect  desiccation,  excessive 
pressure,  or  faulty  material. 

It  should  be  noted  that  the  specific  insulation  (resistivity)  of  foiled 
paper  is  lower  than  that  of  plain  paper,  the  difference  being  due  chiefly 
to  the  fact  that  the  former  is  heavily  sized.  It  is,  however,  only  for 
special  purposes  that  condensers  of  extremely  high  insulation  are 
demanded.  In  such  cases,  by  using  the  utmost  care  and  material  of 
the  very  highest  quality,  it  is  possible  to  obtain  an  insulation  of  nearly 
20,000  megohms  per  microfarad  (400  volts,  60"  Fahr.,  60  seconds). 
Such  condensers  are  invariably  built  up  of  sheets  rather  than  by  the 
rolling  process,  since  it  is  necessary  to  use  only  perfect  sheets,  and  the 
rolls  of  paper  cannot  readily  be  examined ;  under  these  conditions 
metallic  foil  may  be  used  in  preference  to  foiled  paper.  Three  sheets 
of  paper  are  usually  interleaved  between  consecutive  foils.  The 
obvious,  but  often  overlooked,  fact  may  here  l>e  commented  upon  that 
to  increase  the  number  of  interleaving  papers,  while  increasing  the 
actual  insulation  of  the  plate,  does  not  increase  the  "megohms  per 
microfarad,"  since  the  capacity  falls  in  proportion  to  the  rise  of  insula- 
tion, provided,  of  course,  that  there  is  no  abnormal  leakage  through 
definite  faults. 

For  certain  purposes,  such  as  absorbing  the  spark  across  the  break 
of  sparking  coils,  leaky  condensers,  that  is,  condensers  with  specially 
low  insulation,  are  of  advantage,  since  the  high-resistance  shunt  afiforded 
by  the  low  insulation  across  the  break  materially  assists  in  suppressing 
the  primary  spark  and  in  thereby  lessening  the  pitting  of  the  contacts. 
The  low  insulation  necessary  may  conveniently  be  obtained  by  rolling 
up  foiled  paper  without  any  interleaving  paper,  the  plate  being  in  other 
respects  treated  in  the  ordinary  way.  The  insulation  obtainable  will 
depend  partly  on  the  thickness  of  the  foiled  paper  and  partly  on  the 
intensity  of  pressing,  but  will  usually  be  of  the  order  of  a  megohm. 
An  important  detail  in  the  manufacture  of  condensers  for  spark 
suppression  is  that  there  must  be  no  appreciable  resistance  in  the 
condenser  circuit,  that  is,  in  the  electrodes  or  thin  connections.    The 

*  The  cxprcnkm  *'ine|*ohmi  per  microfaraul,**  though  incorrect,  b  to  gencnUly 
cmplovcd  that  the  cufttom  has  been  followed  throughout  thin  paper ;  the  phrase 
thould,  however,  invariably  be  interpreted  as  **  me|<ohm-microfanuU." 
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insertion  of  even  i  ohm  in  series  with  the  condenser  of  a  high- 
frequency  spark  coH  markedly  increases  the  sparking  at  the  primary 
contacts. 

The  value  of  the  advance  made  by  the  introduction  of  foiled  paper 
for  condenser  making  lies  in  the  fact  that  in  this  material  the  dielectric 
and  the  conductors  are  more  correctly  proportioned  to  their  work  than 
is  possible  when  solid  metal  foil  is  used.  Owing,  therefore,  to  what 
may  be  called  the  better  design  of  the  foiled-paper  condenser,  it 
is  correspondingly  cheaper,  lighter,  and  smaller.  Even  with  foiled 
paper,  although  the  quantity  of  metal  per  unit  area  is  extremely  small, 
the  conductance  of  the  electrodes  is  in  excess  of  the  actual  require- 
ments, whilst  if  solid  foil  is  employed,  it  is  necessary  to  use  fully  ten 
times  the  weight  and  volume  of  metal  that  would  suffice  if  only  the 
conductance  had  to  be  considered.  The  necessity  arises  from  the  fact 
that  metal  foil  cannot  be  rolled  in  continuous  lengths  to  give  a  greater 
covering  surface  than  about  90  sq.  ft  per  pound  (about  18^  sq.  metres 
per  kilogramme),  and  even  with  this  thickness  the  foil  is  extremely  tender 
and  requires  delicate  handling,  as,  if  made  of  pure  tin,  it  is  only 
0*0003  in.  thick.  The  metal  foil  is  in  addition  expensive,  and  is 
by  far  the  most  costly  item  in  the  construction  of  a  condenser. 
Further,  when  metallic  foil  is  used,  short  circuits  are  very  apt  to 
develop  both  during  manufacture  and  in  subsequent  use.  The  short 
circuits  are  due  to  grit  in  the  foil,  or  to  pinholes  or  other  defects 
in  the  interleaving  paper,  or  are  consequent  upon  disruptive  dis- 
charges caused  by  the  application  of  a  voltage  in  excess  of  the 
dielectric  strength. 

Now  with  respect  to  these  short  circuits  or  disruptive  discharges, 
however  produced,  condensers  made  of  foiled  paper  have  the  peculiar 
advantage  of  possessing  to  an  almost  perfect  degree  the  property  which 
in  a  pneumatic  tyre  is  called  self -sealing,  and  consequently  they  are 
practically  proof  against  short  circuit,  and  can  be  subjected  to  much 
higher  voltages  than  is  permissible  with  those  made  from  metallic  foil, 
any  momentary  short  circuits  produced  by  a  disruptive  discharge  being 
instantly  and  automatically  sealed.  This  automatic  sealing  is  brought 
about  in  the  following  way :  owing  to  the  extreme  thinness  of  the 
conducting  film  the  small  quantity  of  heat  generated  at  the  point  of 
short  circuit  by  the  sudden  discharge  of  the  condenser  through  that 
point  is  sufficient  to  cause  the  film  of  metal  immediately  surrounding 
the  point  of  breakdown  to  be  fused  into  minute  globules.  The  segre- 
gation of  these  globules  from  each  other  and  from  the  surrounding 
metallised  surfaces  effectually  isolates  the  point  of  breakdown,  and  the 
defect  is  instantaneously  sealed  up.  So  rapid,  indeed,  is  this  effect, 
that  if  a  pin  is  stuck  into  an  insulated  charged  condenser  so  as  to  pro- 
duce short  circuits  between  the  foiled  papers,  the  short  circuits  seal  up 
without  fully  discharging  the  condenser,  and  a  dozen  or  more  of  such 
short  circuits  may  be  created  one  after  the  other  before  the  condenser 
becomes  fully  discharged.  Consequent  upon  the  observation  of  such 
an  effect  as  this,  the  author  conceived  the  idea  of  electrically  treating 
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the  foiled  paper  before  makin;;  it  up  into  condensers  m  such  a  way  as 
practically  to  eliminate  all  pinholes  or  defective  places  by  subjecting 
them  momentarily  to  currents  of  such  strength  as  to  produce  a  minute 
non-conducting  ring  round  each  defect,  thereby  isolating  it  from  the 
surrounding  surface.*  The  apparatus  for  doing  this  is  of  the  simplest 
character.  All  that  is  necessary  is  to  pass  the  paper,  foiled  side  upper- 
most, over  a  conducting  roller,  and  to  maintain  a  suitable  potential 
difference  l>etwccn  the  roller  and  the  foiled  surface.  When  any  pin- 
hole or  weak  place  in  the  paper  reaches  the  roller  a  short  circuit  occurs, 
and  the  momentary  rush  of  current,  concentrated  round  the  defect, 
produces  a  bright  spark  at  the  defective  spot  on  the  foiled  surface.  As 
in  the  case  of  the  finished  condenser,  the  effect  of  this  spark  is  to 
isolate  the  defect  by  volatilising  or  fusing  the  film  of  metal  immediately 
around  it.  In  this  way  all  the  weak  places  in  the  dielectric  are  detected 
and  isolated  before  the  paper  is  brought  into  use,  and  in  consequence 
it  is  possible  to  use  thinner  paper,  both  foiled  and  plain,  than  would 
otherwise  l>e  safe.  The  process  of  isolating  or  removing  these  faults 
is  quite  automatic,  and  the  apparatus  once  set  requires  practically  no 
adjustment ;  all  that  is  necessary  in  this  respect  is  to  see  that  the 
current  at  the  moment  of  short-circuiting  is  sufficiently  strong  to  fuse 
the  metallic  film  in  the  immediate  neighbourhood  of  the  defect  but  is 
not  so  strong  as  to  burn  the  paper.  If  current  from  lighting  mains  is 
employed  a  series  resistance  is  necessary  to  limit  the  !fhort-circuit| 
current.  With  lOO  volts  this  resistance  should  l>e  about  15  ohms,  and 
with  200  volts  about  150  ohms.  Experience  shows  that  the  searching 
effect  of  the  voltage  is  increased  by  connecting  a  condenser  of  con- 
siderable capacity,  say  20  microfarads,  across  the  potential  terminals, 
but  a  series  resistance  of  at>out  50  ohms  in  the  condenser  circuit  is 
needed  to  tone  down  the  suddenness  of  the  condenser  discharge. 

The  values  given  at>ove  for  voltage,  capacity,  and  resistance,  arc  in 
no  sense  "critical,"  and  they  may  be  varied  considerably  without 
seriously  affecting  the  result ;  in  adjusting  the  values  the  best  con- 
ditions may  easily  be  found  if  regard  be  had  to  the  fact  that  the  result 
desired  is  the  production  of  a  small  uncharred  hole  surrounded  by  a 
minute  ring  of  perfectly  clean  white  paper.  Fig.  i  is  a  microphoto- 
graph  of  a  typical  "  breakdown  **  point  after  treatment  by  the  afore- 
mentioned process.  The  hole  ofude  by  the  spark  is  shown  as  a  dark 
spot,  and  the  ring  of  paper  from  which  the  metal  has  been  completely 
removed  may  be  seen  round  the  hole,  although  the  want  of  contrast 
between  the  polished  metallic  surface  and  the  white  paper  renders  the 
ring  somewhat  indistinct  in  the  photograph. 

As  the  process  of  cUminating  these  defective  places  in  the  paper  is 
largely  one  of  breaking  down  the  weak  spots,  the  operation  is  generally 
described  as  the  "  breakdown  process."  The  voltage  used  may  con- 
veniently  be  one-half  of  that  with  which  the  finished  condenser  is 
finally  to  be  tested,  that  is,  if  only  single  interleaving  papers  are  to  be 
used.  If  the  condensers  are  to  be  made  for  1,000  volts  or  thereabouts 
*  U.K.  Psaent  uty^  tqo$,  C  F.  Mansbridg^ 
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it  is  necessary  to  use  double  or  treble  interleaving  papers,  and  in  this 
case  the  obvious  course  is  to  fix  the  breakdown  pressure  at  a  figure 
which  will  result  in  the  dielectric  of  the  foiled  paper  being  strained 
during  the  breakdown  process  to  an  extent  rather  greater  than  will  be 
the  case  when  it  is  finally  used.  The  author's  experience  is,  however, 
that  the  majority  of  defects  are  shown  up  and  removed  by  a  compara- 
tively low  voltage,  and  that  there  is  little  to  be  gained  by  using  more 
than  200  volts  for  this  process  if  the  condensers  are  for  telephone  or 
telegraph  work.  As  regards  the  direction  of  the  current  there  appears 
to  be  little  to  choose  ;  if  anything,  the  preference  may  be  given  to  con- 
necting the  positive  pole  to  the  plain  side  of  the  paper,  but  the  device 
works  quite  satisfactorily  with  alternating  current.  When  the  break- 
down device  is  driven  by  an  electric  motor  it  is  of  advantage  to  have 
two  rollers  making  contact  with  the  foiled  side  of  the  paper  at  separate 
points,  preferably  not  less  than  2  ft.  apart;  the  current  driving  the 
motor  may  then  be  led  along  this  stdj^of  foiled  paper  between  the  two 
rollers,  so  that  should  there  be  any  break  in  continuity  in  the  foiled 
surface  the  current  driving  the  motor  would  be  broken  when  the  fault 
passed  the  first  roller,  and  the  stopping  of  the  machine  would  call 
attention  to  the  want  of  continuity.  With  paper  made  by  reputable 
makers  such  breaks  rarely  occur,  but  there  must  always  be  a  risk  of 
this,  and  as  the  device  is  simple  and  automatic  it  is  worth  while  to 
I  adopt  it.  Fig.  2  shows  the  connections  of  the  breakdown  rollers  as 
arranged  for  motor  driving. 

If  the  apparatus  is  mechanically  driven,  a  suitable  relay  may  be 
connected  between  the  second  and  fourth  rollers  so  that  a  local  circuit 
is  completed  and  a  bell  rung  whenever  there  is  any  break  of  continuity 
between  the  two  rollers. 

Joints  in  the  papier  may  have  to  be  made  from  time  to  time.  These 
must,  Qf  course,  be  made  electrically  continuous,  and  a  simple  way  of 
effecting  this  is,  after  the  ends  have  been  joined  by  lapping  and  pasting 
in  the  ordinary  way,  to  paste  on  to  the  foiled  surface  a  6-in.  strip  of 
foiled  paper  placed  face  downwards,  so  that  part  of  the  foiled  sudface 
of  the  strip  makes  contact  with  one  side  of  the  break  and  part  with  the 
other.  It  is  not  desirable  to  paste  the  whole  of  the  surface  of  the  strip, 
since  the  continuity  of  the  film  may  thereby  be  destroyed ;  the  usual 
plan  is  to  paste  merely  the  edges  on  each  side,  leaving  the  middle 
portion  clean.    Good  flour  paste  is  found  to  give  satisfactory  results. 

The  condenser  plates  having  been  wound  then  pass  to  the  drying 
oven,  and  subsequently  to  the  vacuum  pans  and  screw-presses.  The 
desiccation  of  the  plates  prior  to  waxing  must  be  very  complete  and 
thorough  if  the  highest  insulation  is  required.  Ovens  heated  by  gas, 
steam,  and  electricity  are  in  use  for  tliis  purpose,  but  the  last-named  is 
infinitely  preferable.  The  ease  with  which  the  temperatiwe  can  be 
controlled,  and  particularly  the  facility  with  which  the  heat  can  be 
kept  to  its  legitimate  purpose  instead  of  being  dissipated  throughout 
the  shop,  and  the  absence  of  objectionable  fumes  and  of  steam  joints, 
which  always  give  trouble  sooner  or  later,  are  advantages  sufiicient  to 
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place  this  form  of  oven  easily  first.  For  an  oven  of  about  25  cub.  ft. 
capacity  which  will  accommodate  five  hundred  2-microfarad  plates,  a 
power  consumption  of  2  k.w.  suffices.  The  length  of  time  necessary  to 
produce  thorough  desiccation  depends  upon  the  temperature  of  drying, 
the  relative  drjmess  of  the  air,  and  the  degree  of  contact  between  the 
hot  air  and  the  paper.  The  temperature  permissible  is  Umited  by  the 
necessity  to  avoid  scorching  the  paper,  since  cellulose  suffers  adverse 
physical  changes  if  heated  much  above  212*'  Fahr.  for  any  considerable 
time.  Consequently  the  practice  at  one  time  was  to  dry  the  con- 
densers  at  a  temperature  of  212-220^  Fahr.,  but  this  involved  from  three 
to  four  days'  stoving  unless  the  plates  were  composed  of  only  a  very 


Vui.  2.—  Device  for  treating  Tinfoil  Paper. 


few  sheets  or  layers,  and  were  disposed  in  such  a  way  that  the  heat 
could  readily  permeate,  and  the  moisture  readily  leave,  the  inncr> 
most  layers.  This  in  commercial  work  is  impracticable,  since  some 
condensers  of  ordinary  size  have  over  ico  convolutions,  that  is,  8<x> 
layers  of  paper  in  the  flat  roll,  and  a  great  many  have  to  l>e  accommo- 
dated in  the  oven  at  the  same  time.  In  seeking  for  means  to  introduce 
heat  into  the  interior  of  the  condenser,  and  thereby  to  expedite  the 
drying  process,  the  author  tried  the  plan  of  utilising  the  resistance  of 
the  strip  {of  foiled  paper  to  generate  heat  in  the  interior  of  the 
condenser  when  a  current  of  suitable  strength  was  passed  along  it. 
To  this  end  all  that  was  necessary  was  temporarily  to  short-circuit 
the  plate  by  means  of  the  connecting  lugs  at  the  commencement  of  the 
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roll,  and  to  pass  the  current  in  at  another  pair  of  lugs  at  the  end  of  the 
roll.  It  was  found  in  this  way,  that  with  an  oven  temperature  of  212"* 
Fahr.,  and  an  additional  expenditure  of  4  watts  per  2  microfarad  plate, 
thorough  desiccation  could  be  effected  in  8  to  12  hours,  without  any 
scorching  of  the  paper,  although  the  temperature  inside  the  rolled 
condenser  reached  270°  Fahr.  Although  fairly  simple  in  manipulation, 
this  method  did  not  lend  itself  very  readily  to  commercial  manufacture 
on  the  large  scale,  but  it  served  to  point  the  way  to  the  possibility  of 
using  higher  temperatures  without  scorching,  and  it  eventually  led  to 
the  use  of  a  simple  process  which  has  been  found  most  satisfactory  and 
efficient,  namely,  the  vigorous  churning  of  the  heated  air  inside  the 
oven  by  means  of  a  fan.  This  rapid  circulation  results  in  a  great 
number  of  particles  of  heated  air  being  brought  into  contact  with  the 
paper  in  a  given  time,  and  as  a  result  of  numerous  trials  it  is  found  that 
the  use  of  a  fan  in  this  way  permits  of  temperatures  as  high  as  290°  or 
300°  Fahr.  being  employed  without  scorching  the  paper.  It  will  be 
understood  that  the  fan  does  not  create  a  circulation  of  air  from 
outside,  but  merely  churns  the  hot  air  in  the  oven,  and  although  after  a 
time  this  air  becomes  more  or  less  moisture-laden,  the  high  tempera- 
ture enables  it  to  absorb  an  enormous  weight  of  water  before  reaching 
saturation  point.  By  running  up  the  temperature  in  this  way  satis- 
factory desiccation  can  be  obtained  in  as  short  a  time  as  8  hours,  and 
this  quick  drying  is  of  very  great  advantage  where  a  large  output  has 
to  be  maintained. 

Fig.  3  is  a  graph  of  the  insulation  of  various  batches  of  foiled-paper 
condensers  which  were  subjected  to  different  periods  of  drying  under 
the  conditions  indicated  above. 

One  point  calling  for  attention  as  regards  the  drying  of  condensers 
is  the  shrinkage  in  length  which  takes  place  with  many  papers  during 
desiccation.  In  the  case  of  plain  paper  newly  come  from  the  mill,  this 
may  amount  to  i  per  cent,  after  24  hours'  drying  at  212°  Fahr.,  and  there  is 
a  further  shrinkage  on  waxing.  In  the  case  of  foiled  paper  the  shrinkage 
on  drying  is  much  less,  and  the  whole  of  this  occurs  prior  to  waxing. 
If  perfectly  fresh  and  undried  interleaving  paper  is  wound  up  tightly 
with  foiled  paper  and  the  compound  roll  is  then  dried  and  waxed, 
there  will  be  a  tendency  for  the  great  shrinkage  of  the  interleaving 
paper  to  cause  the  foiled  paper  to  crinkle  or  crease  when  pressed.  To 
guard  against  this,  the  plain  paper  should  either  be  matured  for  a 
few  months  in  stock,  by  which  time  it  will  have  shrunk  considerably, 
or  it  should  be  oven-dried  for  some  hours  before  use. 

After  being  effectively  desiccated  the  plates  have  to  be  impregnated 
with  parafi&n  wax.    The  function  of  the  para£&n  is  three-fold : — 

1.  To  increase  the  inductive  capacity  of  the  dielectric. 

2.  To   prevent  moisture  from  again  reaching  the  highly  hygro- 

scopic paper. 

3.  To  retain  the  condenser  in  the  closely  compacted  form  into 

which  it  is  compressed  while  the  wax  is  hot. 
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The  inductive  capacity  of  the  layers  of  paper  and  air  which  separate 
the  electrodes  before  the  plate  is  impregnated  is  approximately  i'2,and 
on  the  air  being  replaced  by  parafiin  this  increases  to  approximately 
3*2.  Obviously  the  more  thoroughly  the  air  is  replaced  by  the  paraffin 
the  greater  will  be  the  gain,  and  to  facilitate  this  it  is  advantageous  to 
impregnate  the  condensers  in  vactio.  Hot  wax  very  readily  penetrates 
paper,  and  it  might  l>e  thought  that  soaking  for  several  hours  in  paraffin 


Kio.  3.— Foiled  Paper  Condensers.    Average  Insulation  (300  Volts, 
60  Seconds,  (xf  Fahr.)  after  various  Periods  of  Drying. 

at  213*  Fahr.  would  suffice  thoroughly  to  impregnate  the  paper,  but  as 
the  result  of  tests  of  some  batches  aggregating  a  thousand  plates  it  was 
found  that  the  gain  in  capacity  due  to  impregnation  under  vacuum 
avo'aed  1 1  per  cent.  This  means  that  by  using  the  vacuum  process 
II  per  cent,  less  material  is  required  for  a  given  capacity,  while  in 
addition  the  condenser  produced  is  more  reliable,  since  every  isolated 
air-bubble  entangled  in  the  interior  tends  to  reduce  the  dielectric 
strength  by  causing  unequal  distribution  of  strain,  and  also  tends  by 
Vol.  41.  86 
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expansion  and  contraction,  to  cause,  in  time,  a  drop  in  capacity  by 
separating  the  layers,  and  a  drop  in  insulation  by  affording  an  oppor- 
tunity for  moisture  to  enter  the  interior  of  the  plate.  An  obvious  way  of 
impregnating  in  vacuo  is  to  exhaust  the  air  from  the  pan  containing  the 
condensers,  and  then  after  complete  evacuation  to  run  in  the  hot  paraffin  ; 
but  equally  good  results  can  be  obtained  by  simple  exhaustion  over  the 
wax,  that  is  to  say,  by  plunging  the  plates  into  a  pan  of  hot  wax,  fastening 
the  lid,  and  then  maintaining  a  vacuum  in  the  upper  portion  of  the  pan. 
The  advantage  of  the  latter  plan  is  as  follows.  In  order  to  facilitate  the 
exhaustion  it  is  necessary  to  heat  the  paper ;  this  heat  can  most 
conveniently  be  conveyed  into  the  inside  layers  of  paper  by  means  of 
the  hot  wax.  If  the  exhaustion  is  carried  out  with  the  paper  dry  there 
is  no  vehicle  to  carry  the  heat  into  the  interior  of  the  condensers,  and 
only  radiated  heat  from  the  sides  of  the  pan  is  effective,  since  the  air 
has  been  withdrawn;  for  other  reasons  also  the  plan  of  evacuating 
over  the  wax  is  found  to  have  the  balance  of  advantage.  A  photo- 
graph of  a  convenient  form  of  vacuum  pan  is  shown  on  the  screen. 
This  pan  is  gas-heated  and  will  accommodate  150  2-inicrofarad 
plates  per  charge.  To  prevent  deterioration  of  the  parafHn  by 
scorching,  the  bottom  of  the  pan  is  made  exceptionally  thick  and 
several  rows  of  minute  gas  jets  are  provided  so  as  to  distribute  the 
heat  uniformly  over  the  bottom.  To  facilitate  the  circulation  of  the 
hot  wax  the  plates  are  not  allowed  to  rest  upon  the  pan  itself,  but  are 
laid  upon  a  loose  metal  grid  which  stands  up  an  inch  or  so  from  the 
bottom  of  the  pan.  Two  hours  impregnation  at  212°  Fahr.  is  sufficient 
if  a  thoroughly  good  vacuum  is  obtained.  After  full  impregnation  the 
vacuum  is  broken  and  the  condensers  are  left  subjected  to  atmospheric 
pressure  for  ten  minutes,  and  are  then  removed  from  the  hot  wax  and 
at  once  pressed.  No  advantage  can  be  traced  from  the  employment  of 
more  than  atmospheric  pressure  in  the  pan  after  evacuation  is  com- 
plete. The  method  of  pressing  and  the  manipulation  at  this  stage  are 
of  considerable  importance,  and  it  may  therefore  be  well  to  describe 
this  operation  in  detail.  In  the  first  place  it  will  be  obvious  that 
the  greater  the  pressure  the  greater,  within  limits,  will  t>e  the 
capacity  obtained,  and  with  this  object  it  is  the  practice  in  certain 
factories  to  employ  hydraulic  machinery  and  to  compress  the  plates  to 
the  utmost  limit.  The  objections  to  this  course  are,  however,  con- 
siderable. First,  there  is  a  great  tendency  to  drive  the  paraffin  out  of 
the  pores  of  the  paper  and  so  to  leave  the  paper  readily  penetrable  by 
moisture,  unless  the  plates  are  at  once  hermetically  sealed.  Secondly, 
the  enormous  pressure  greatly  increases  the  liability  to  short  circuits, 
and  although  this  is  of  little  importance  with  foiled-paper  condensers 
owing  to  the  automatic  sealing,  it  is  better  to  avoid  it  since  such  break- 
downs after  the  paper  has  been  waxed  are  always  accompanied  by  a 
fall  in  insulation.  Thirdly,  the  excessive  pressure  results  in  lowering 
the  insulation  to  an  extent  which  is  out  of  proportion  to  the  increased 
capacity.  This  effect,  which  is  shown  graphically  in  Fig.  4,  necessarily 
follows  from  the  reduction  in  the  proportion  of  paraffin  to  paper,  since 
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the  wax  has  much  the  higher  specific  insulation.  A  further  objection 
to  hydraulic  pressing  is  that  for  commercial  reasons  it  involves  the 
simultaneous  pressing  of  a  vertical  pile  of  plates,  and  this  procedure  is  to 
be  deprecated  since  the  cooling  of  such  a  pile  is  necessarily  slow,  and 
the  wax  continues  to  drain  out  of  the  inner  condensers  to  such  an 
extent  that  when  cold  there  is  comparatively  little  left  in  them.  As  the 
result  of  experience,  it  can  be  said  that  for  a  condenser   which  is 


woo 


lioo 


IMO 


^   MOO 


0 

\ 

\ 

\ 

> 

\ 

\ 

\ 

Fig.  4.— Foiled  Paper  Condensers.  Relation  between  Capacity  and  Insulation 
of  similar  Condensers,  subjected  to  differing  Degrees  of  Mechanical 
Pressure. 


required  to  maintain  its  insulation  and  capacity  for  many  years  it  is  of 
first  importance  that  a  good  body  of  wax  t>e  left  in  the  plate.  For 
this  reason  the  pressing  of  even  two  plates  one  above  the  other  is  not 
permitted  at  the  Post  Oflfice  factory.  The  same  objections  do  not,  of 
course,  apply  to  the  piV^ssing  of  a  number  of  plates  side  by  side  ; 
indeed,  this  is  the  current  practice,  and  it  is  found  to  give  satis- 
factory results.  With  the  same  object— namely,  that  of  retaining  a 
sufficiency  of  wax  in  the  plate,  the  presses  arc  water-cooled  both 
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on  the  top  and  on  the  bottom.  This  water-cooling,  in  addition  to 
the  technical  advantage  referred  to,  has  also  the  commercial  advan- 
tage of  increasing  the  output  of  the  presses,  which  is  of  importance 
now  that  condenser  manufacture  is  carried  out  on  such  a  large 
scale.  With  cooling  water  at  a  temperature  not  exceeding  60°  Fahr. 
five  minutes*  cooHng  in  the  press  suffices  for  a  condenser  J  in.  thick  ; 
for  plates  of  greater  thickness  a  correspondingly  longer  time  is 
necessary.  The  presses  are  of  the  screw  type,  and  the  question 
naturally  arises  as  to  why  this  form  is  adopted  in  preference  to  the 
apparently  more  scientific  method  of  a  lever  and  dead  weights.  Con- 
trary to  what  might  be  expected,  experience  shows  that  more  uniform 
results  can  be  obtained  with  screw-presses  than  with  levers  and  dead 
weights,  and  the  latter  form  has  consequently  been  altogether  abandoned 
at  the  Post  Office  factory.  Even  the  use  of  gauge-blocks  for  the  screw- 
presses,  by  means  of  which  the  condensers  are  pressed  to  a  certain 
definite  thickness,  seems  to  give  less  uniform  results  than  can  be 
obtained  by  a  careful  workman  with  a  little  practice,  without  any 
guide  other  than  the  "  feel "  of  the  press,  and  an  occasional  capacity 
test  of  the  plates  as  they  come  from  the  presses.  One  objection  to 
the  gauge-blocks  is  that  they  do  not  allow  for  the  small  commercial 
variations  which  are  constantly  met  with  in  condenser  manufacture, 
and  another  is  that  they  tend  to  reduce  the  operation  of  pressing, 
which  is  one  that  really  requires  some  little  skill  and  care,  to  the  mere 
manipulation  of  a  machine. 

As  soon  as  the  plates  are  fairly  cold  they  should  be  placed  aside  to 
settle  down  in  temperature  before  being  tested,  and  in  the  meantime 
they  should  be  protected  from  atmospheric  moisture.  Paraffin, 
contrary  to  the  opinion  of  the  layman,  is  markedly  hygroscopic,  and  it 
is  important  that  the  outer  layer  of  wax  should  not  be  allowed  to  absorb 
moisture  before  the  condenser  is  hermetically  sealed ;  otherwise  the 
insulation  will  steadily  fall,  as  the  moisture  diffuses  throughout  the 
mass. 

In  addition  to  or  in  substitution  of  paraffin,  various  waxes  and 
mixtures  have  from  time  to  time  been  proposed  for  condenser  work. 
Beeswax,  resin,  shellac,  ceresine,  stearine,  lead  stearate,  etc.,  have  all 
been  suggested,  and  for  each  some  special  advantage  has  been  claimed 
in  the  way  of  higher  inductive  capacity,  greater  dielectric  strength,  or 
less  affinity  for  moisture  as  compared  with  paraffin.  The  author  has, 
however,  been  unable  to  find  that  any  one  of  these  substitutes  possesses 
the  all-round  advantages  of  good  paraffin  ;  this  material,  plain  and  un- 
adulterated, is  therefore  recommended  save  for  special  cases  where  a 
pecuhar  property  of  one  or  other  of  the  substitutes  may  justify  its  use 
to  meet  the  peculiar  conditions.  For  condenser  work  a  high  quality  of 
wax  is  necessary,  but  this  does  not  necessarily  imply  a  high  price  or  a 
high  melting-point.  For  use  in  tropical  countries  paraffin  of  a  specially 
high  melting-point  is  desirable,  but  for  use  in  the  temperate  zones  wax 
with  a  melting-point  of  about  130°  Fahr.  answers  most  requirements. 
The  melting-point  or,  more  correctly,  the   "setting "-point,  may  be 
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determined  in  a  very  simple  way,  although  various  methods  of  a  more 
elaborate  character  find  favour  in  some  chemical  laboratories.  The 
plan  adopted  by  the  author  is  to  insert  a  calibrated  thermometer  with  a 
small  bulb  into  a  vessel  of  hot  wax,  and  as  the  wax  cools  to  observe  the 
fall  of  temperature  with  respect  to  time.  If  the  thermometer  and  the 
quantity  of  wax  are  suitably  chosen  there  will  be  a  well-defined  period 
during  which  the  temperature  becomes  stationary ;  this  temperature 
represents  the  setting-point     The  observation  can  be   repeated  by 


Fig.  5.— Cooling  Curves  for  Paraffin  Wax. 

different  unskilled  observers  with  identical  results,  provided  that  the 
local  conditions  are  approximately  the  same  for  each  observation. 
Some  typical  curves  showing  the  result  of  this  method  are  reproduced 
in  Fig.  5.  A  convenient  quantity  of  paraffin  is  about  2  oz.  contained 
in  a  test  tube  or  beaker  i^  in.  in  diameter  ;  the  thermometer  generally 
used  has  a  bulb  of  }  in.  diameter  by  |  in.  long.  If  a  thermometer  with 
a  very  large  bulb  is  used  the  effect  may  l>e  partially  masked,  since  the 
quantity  of  latent  heat  given  out  by  the  paraffin  on  solidifying  is  not 
great,  but  even  under  these  conditions  the  setting-point  may  be 
estimated  very  closely. 
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For  condenser  work  the  wax  cannot  be  considered  satisfactory 
unless  it  is  chemically  neutral  and  free  from  unsaturated  hydrocarbons. 
Its  suitability  in  this  respect  can  readily  be  ascertained  by  the  usual 
chemical  tests. 

Before  being  run  into  the  vacuum  pan  the  wax  should  be  strained 
through  sieves  of  the  finest  mesh  (a  few  thicknesses  of  muslin  will 
answer  very  well)  to  remove  mechanical  impurities. 

In  all  stages  of  condenser  manufacture  handling  by  the  workmen 
should  be  restricted  to  a  minimum,  and  no  operative  who  is  inclined 
to  perspire  freely  should  on  any  account  be  permitted  to  handle  the 
plates  prior  to  boxing.  Paraffin  readily  absorbs  the  moisture  and  salts 
of  the  body,  and  a  condenser  plate,  once  contaminated  in  this  way, 
will  have  a  short  life  so  far  as  insulation  is  concerned.  From  this  point 
of  view  the  ideal  method  of  manufacture  is  to  place  the  dried  plates  in 
metallic  cases,  to  plunge  the  whole  into  the  hot  wax,  then  to  exhaust 
the  air,  and  finally  to  take  out  the  condenser  complete  in  its  case  so 
that  the  plate  after  impregnation  suffers  no  handling  whatever.  The 
objections  to  this  plan  are  that  there  is  so  little  control  over  the  capacity, 
and  that  there  is  such  great  waste  of  material,  since  the  pressure  which 
can  be  brought  to  bear  is  so  small ;  the  method  can,  however,  be 
recommended  where  long  life  is  of  more  importance  than  first  cost. 

In  default  of  reaching  the  ideal,  the  best  that  can  be  done  commer- 
cially is  to  handle  the  plates  as  little  as  possible  and  to  seal  them 
hermetically  in  metal  cases  as  soon  as  possible  after  manufacture,  and 
this  is  the  course  adopted  at  the  Post  Office  factory.  Reference  has 
already  been  made  to  the  question  of  dielectric  strength.  As  is  well 
known,  this,  with  paraffined  paper,  is  apt  to  be  a  very  variable  quantity, 
particularly  when— as  with  most  commercial  condensers — the  electrodes 
are  separated  by  only  two  thicknesses  of  paper,  since  a  weak  spot  in 
one  of  them  so  largely  reduces  the  resistance  to  disruptive  discharge. 

As  a  rough  approximation,  it  may  be  said  that  with  ordinary  paraf- 
fined paper  at  60"  Fahr.  the  breakdown-point  is  approached  when  the 
pressure  reaches  the  equivalent  of  150,000  volts  per  centimetre.  With 
foiled  paper,  however,  the  result  of  the  automatic  sealing  is  practically 
to  double  the  effective  dielectric  strength. 

Fig.  6  shows  graphically  the  results  obtained  on  subjecting  an 
ordinary  telephone  condenser,  made  from  foiled  paper,  to  steadily 
increased  pressure.  As  the  voltage  rose  above  the  normal  point  of 
dielectric  strength  the  paper  broke  down,  possibly  at  several  places, 
but  each  short  circuit  sealed  up  as  fast  as  it  was  formed,  and  not  until 
the  pressure  reached  1,200  volts  was  the  condenser  rendered  useless. 

For  telegraph  condensers,  which  are  generally  required  to  be 
adjustable,  an  outer  wooden  case  carrying  a  peg-switch  is  provided  ; 
the  internal  construction  is  as  follows.  Separate  condensers  of  suitable 
capacity  are  selected,  and  after  a  preliminary  test  are  assembled 
between  a  pair  of  sheet-iron  plates,  which  are  then  bolted  together. 
The  object  of  these  clamping  plates  is  two-fold  ;  first,  to  build  up  the 
separate  condensers    into  a   substantial  mechanical    structure;  and 
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secondly,  to  keep  upon  them  a  certain  degree  of  pressure  so  as  to 
counteract  the  natural  tendency  towards  a  drop  in  capacity.  The 
batch  of  plates  so  assembled  is  built  up  into  a  solid  mass  with  plastic 
paraffin,  and  is  then  hermetically  scaled  in  a  tinned-iron  case,  the 
opening  where  the  wires  are  brought  out  being  sealed  with  a  non- 
contracting  mixture  of  gutta-percha,  resin,  stearine  pitch,  and  Stock- 
holm tar.* 


Fig.  6. — Foiled  Paper  Condensers.    Carve  showing  Relation  between 
Testing  Voltage  and  Observed  Insulation. 


This  compound  does  not  flow  at  high  temperatures,  does  not  get 
brittle  when  frozen,  adheres  6rmly  to  metal  surfaces,  and  contracts 


•  The  mixture  consists  of  : — 

Gatta-pcrcha  scrap 

Rciun     

Sttrariiic  pitch  ... 
Stockhdlm  tar  ... 


30  parts 

U  M 

6    » 


Commercial  stearine  pitcti  varies  considerably  in  hardnen,  and  if  the  mixture  s<) 
made  proves  too  hard  it  may  t>e  tempered  by  the  addition  of  a  little  boiled  linseed  oil. 
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very  little  on  cooling.  The  same  mixture  is  used  for  sealing  the  top 
of  the  tin  cases  of  telephone  condensers,  the  metal  cap  which  is  sub- 
sequently soldered  in  position  being  merely  a  mechanical  protection. 

For  telephone  work  nothing  more  is  necessary  than  a  hermetically 
sealed  metal  case,  since  the  condenser  is  usually  covered  up  and  pro- 
tected by  the  telephone  apparatus.  On  the  Continent  papier-mache 
cases  have  been  adopted  to  some  extent,  but  their  use  cannot  be 
recommended,  since  papier-mache  readily  absorbs  moisture,  and  in 
consequence  the  insulation  of  a  condenser  contained  in  a  case  of  such 
material  cannot  be  relied  upon  for  any  length  of  time.  Such  cases  are 
cheaper  to  make  than  metal  ones,  and  they  obviate  any  risk  of  contact 
between  two  circuits  via  the  cases  of  two  contiguous  condensers,  each 
of  which  has  developed  contact  with  one  of  the  contained  electrodes, 
but  inasmuch  as  satisfactory  and  lasting  insulation  between  the  elec- 
trodes and  the  case  is  obtainable  with  ordinary  care  there  would  seem 
to  be  no  sufficient  reason  for  the  employment  of  such  an  untrustworthy 
material  as  papier-mache. 

In  speaking  of  the  insulation  resistance  of  a  condenser  it  is  neces- 
sary to  be  most  precise  as  to  exactly  what  is  meant.  The  insulation  is 
usually  expressed  either  in  terms  of  the  percentage  loss  of  charge  after  the 
charged  condenser  has  been  insulated  for  a  certain  time  or  as  so  many 
megohms  per  microfarad.  The  "  percentage-loss-of -charge "  method 
is  used  chiefly  for  standards  and  for  submarine  cable  condensers  ;  for 
ordinary  telegraph  and  telephone  condensers  the  insulation  is  more 
often  reckoned  as  "  megohms-per-microfarad."  Neither  expression  is 
a  precise  specification  of  the  insulation  value  unless  certain  datum  lines 
are  assumed  or  stated.  The  first  of  these  necessary  data  is  the  tem- 
perature at  which  the  test  is  taken,  the  second  is  the  value  of  the 
voltage  applied,  and  the  third  is  the  time  which  is  allowed  to  elapse 
between  the  first  application  of  the  voltage  and  the  moment  at  which 
the  leakage  is  measured.  For  the  loss-of-charge  method  the  periods 
of  charge  and  of  insulation  have  to  be  stipulated.  The  latter  period 
is  commonly  taken  as  i  minute,  but  the  period  of  charge  is  not  so  well 
standardised,  15  seconds  being  taken  by  some  observers  and  60  seconds 
by  others.  The  pressure  often  employed  for  this  test  is  100  volts.  Of 
the  scanty  literature  on  this  subject  the  most  noteworthy  seems  to  be 
that  contained  in  an  article  *  by  Messrs,  Dearlove  and  Sayers,  who  have 
given  the  results  of  some  interesting  experiments  made  by  them  on 
tinfoil  and  paper  condensers  as  made  for  submarine  telegraph  work. 

With  respect  to  temperature,  60**  Fahr.  is  in  this  country  the  standard 
generally  accepted  for  tests  made  by  both  methods. 

The  voltage  adopted  for  the  "direct  deflection"  or  megohms-per- 
microfarad  method  varies  according  to  the  nature  of  the  duty  demanded 
of  the  condenser.  The  period  of  application  of  the  pressure  in  this 
case  is  usually  2  minutes  ;  the  leakage  is  measured  at  the  6oth  second 
after  the  moment  of  application,  and    the  insulation  is   calculated 

*  EUcirical  Engineering,  March  21,  1907,  "  Relative  Dielectric  Resistance  at  various 
Temperatures  of  Paraffined  Paper  Condensers." 
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on  the  basis  of  that  moment's  reading.  During  the  whole  period 
of  the  test  the  leakage  should  steadily  decrease ;  and  as  a  measure 
of  this  absorption  or  ''electrification/'  it  is  usual  to  take  the* 
difference  between  the  readings  at  the  end  of  the .  6oth  and  the 
i2oth  second  respectively,  and  to  express  this  difference  as  a  per- 
centage of  the  reading  at  the  6oth  second.    With  a  good  condenser 


Fig. 


7.— Foiled  Paper  Condensers.    Insulation  and  Electrification  with 


various  Voltages. 


this  percentage  will  usually  fall  between  2$  and  35  if  the  test  is  taken 
at  Ocf  Fahr.  The  degree  of  electrification  falls  markedly  with  a  rise 
in  temperattire.  The  behaviour  of  a  condenser  in  respect  to  elec- 
trification is  an  important  indication  of  its  qualitv»  as  incipient  defects 
give  the  first  indication  of  their  existence  by  producing  unsteady  or 
"negative**  electrification.  Fig.  7  shows  typical  insulation  and  elec- 
trification curves  of  f oiled-paper  condensers  when  tested  with  various 
voltages.    The  relation  between  time  and  insulation,  and  also  t>etweeo 
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voltage  and  insulation,  is  clearly  shown  by  these  curves,  and  it  needs 
only  a  glance  at  them  to  see  how  necessary  it  is  closely  to  specify  the 
precise  data  of  any  test.  Fig.  8  shows  similarly  the  variation  of  insula- 
tion with  constant  voltage  and  varying  temperature,  the  tests  being 
taken  after  i  minute's  application  of  the  voltage,  the  temperature 
in  each  case  being  maintained  for  a  period  long  enough  to  allow  the 
condenser  thoroughly  to  take  up  the  new  temperature.    As  may  be 


«0  «  «0  M  T0  f9 

Fig.  8.— Foiled  Paper  Condensers.    Variation  of  Insulation  with 
Temperature.    (Curve  plotted  from  calculated  figures.) 


deduced  from  the  curve,  the  correcting  coefficient  for  foiled-paper 
condensers  is  as  nearly  as  possible  3*50  per  cent,  per  degree  Fahr. 
or  Y6o  =  Y/ 1*035'-^,  where  Y/  and  Y^  are  respectively  the  observed 
insulation  resistance  at  /*»  Fahr.  and  the  corrected  insulation  resistance 
at  the  standard  temperature  of  60^  Fahr.  This  assumes  that  the  insula- 
tion is  measured  after  60  seconds'  application  of  a  pressure  of  several 
hundred  volts.  It  is  not  suggested  that  this  formula  has  an  accuracy 
which  is  comparable  with  that  of  a  copper-resistance  temperature 
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coefBcient,  since  the  difBcultics  of  measurement  are  so  much  greater 
in  the  former  case,  but  it  is  thought  that  the  formula  will  be  found 
generally  to  give,  over  a  considerable  range  of  temperature  on  both 
sides  of  60'  Fahr.,  results  sufficiently  accurate  for  commercial  purposes. 
From  general  considerations  one  may  anticipate  the  existence  of  a 
relation  such  as — 


where — 


vt 


Q  =  megohms  per  microfarad. 
s  =  seconds  after  application  of  voltage. 
/  =  temperature  in  degrees  Fahr. 
r  =  applied  voltage.  . 

Analysis  of  a  number  of  insulation  and  electrification  curves  shows 
that  the  relation  may  t>e  expressed  in  a  simple  numerical  form,  and 
for  f oiled-paper  condensers  the  following  approximate  empirical  formula 
is  obtained  : — 

X  1035'- 
For  metallic-foil  condensers  the  expression  becomes — 


O  =  40G  —  .    , 


Q  =  4,000 


These  empirical  formulns  are,  of  course,  only  applicable  to  thoroughly 
desiccated  condensers  properly  constructed  of  good  material. 

A  special  development  of  the  paper  condenser  is  the  "  inductive- 
resistance"  form  introduced  by  Dr.  Alexander  Muirhead  for  the 
balancing  of  long  submarine  cables.  The  onerous  conditions  of  duplex 
working  on  a  long  cable  call  for  an  artificial  line  whose  electrical  con- 
stants in  all  respects  approximate  closely  to  those  of  the  real  cable.  The 
difficulty  in  constructing  such  artificial  cables  lies  in  the  fact  that  the 
constants  to  be  matched  are  so  many  ;  the  artificial  line  must  match 
the  real  line  in  resistance  and  capacity,  both  in  the  aggregate  and  as 
regards  distribution,  and  at  the  same  time  the  insulation  resistance  and 
electrification  must  t>e  similar  in  the  two  lines.  These  conditions 
arc  closely  met  by  the  Muirhead  grid  type  of  condenser.  This,  as  is 
well  known,  differs  only  from  the  tinfoil  condenser  in  that  one  set  of 
electrodes  consists  of  plain  sheets  bunched  together,  while  the  other 
set  consists  of  sheets  of  foil  cut  into  the  form  of  a  grid.  The  strips 
forming  the  grid  arc  joined  in  series  and  serve  as  a  resistance.  The 
width  of  the  strips  may  be  chosen  so  as  to  give  within  a  considerable 
range  any  desired  ratio  between  resistance  and  capacity.  The  insula- 
tion and  electrification  constants  are  not  so  easily  matched  with 
accuracy,  but  fortunately  the  insulation  and  electrification  of  high-class 
condensers  made  from  thoroughly  desiccated  paper  impregnated  with 
paraffin  are  of  the  same  order  as  those  of  a  gutta-percha  submarine 
cable,  and  an  exact  match  of  these  constants  is  not  essential.  To 
adjust  the  capacity  and  resistance  of  such  an  artificial  line  to  a  definite 
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value  at  standard  temperature  is  not  difficult,  since,  for  commercial 
reasons,  such  condensers  are  invariably  made  up  from  a  number 
of  separate  plates,  and  although  each  of  these  may  be  expected  to  have 
some  variation  from  the  precise  figure  aimed  at,  yet  by  combining  high 
and  low  plates  together  the  aggregate  may  be  made  to  agree  very 
closely  with  the  desired  figure,  and  the  final  adjustment  may  then  be 
made  as  with  a  resistance  coil. 

The  question  of  maintaining  the  conductor  resistance  of  such  a  con- 
denser constant  under  varying  temperatures  is  a  more  difficult  problem, 
and  is  one  which,  so  far  as  the  author  is  aware,  has  not  been  success- 
fully solved ;  the  usual  method  is  to  get  round  the  difficulty  rather  than 
over  it  by  choosing  a  situation  for  the  artificial  cable  where  the  tem- 
perature variations  are  reduced  to  a  minimum. 

The  manufacture  of  such  artificial  cables  is  very  expensive,  owing 

to  the  difficulty  in  handling  the  thin  grid  of  tinfoil ;  this  maj^,  however, 

be  overcome  by  the  use  of  foiled  paper,  since  owing  to  the  thinness 

of  the  conducting  film  the  strips  are  much  wider  than  if  made  of  metal, 

and  they  are  consequently  more  easily  handled.    In  illustration  of  this 

resistance 
it  may  be  said  that  artificial  cables  of  very  high  :—  ratio  have 

been  constructed  of  foiled-paper  strip  without  difficulty.  For  example, 
some  have  been  made  to  match  20-lb.  conductor  paper-insulated 
telephone  cable,  which  has  a  resistance  of  44  ohms  per  mile  and 
a  distributed  capacity  of  0*054  microfarad  per  mile.  Such  a  proportion 
with  solid  metal  strip  would  offer  great  manufacturing  difficulty, 
particularly  as  for  artificial  telephone  cables  it  is  necessary  that  both 
electrodes  be  of  the  strip  form  ;  for  submarine  cables  with  single  con- 
ductors the  plates  are  alternately  strip  and  sheet.  It  should,  however, 
be  observed  that  the  insulation  obtainable  from  metallic  strip  and 
plain  paper  is  higher  than  is  obtainable  from  ordinary  foiled  paper, 
but  by  specially  preparing  the  foiled  paper  this  difficulty  could  probably 
be  overcome. 

The  workshop  apparatus  required  for  testing  condensers  during  and 
after  manufacture  depends,  to  a  certain  extent,  upon  the  conditions  of 
service.  Assuming  that  the  condensers  arc  required  to  comply  with 
the  requirements  of  the  Post  Office  Specification,  the  most  satisfactory 
testing  set  will  be  found  to  be  a  good  strained-suspension  reflecting 
galvanometer,  carefully  calibrated  for  proportional  throws  and  deflec- 
tions, together  with  the  usual  universal  shunt-box,  short  circuit,  and 
reversing  keys,  and  a  primary  or  secondary  battery  giving  at  least 
400  volts.  Dry  cells  of  modern  types  and  of  not  too  small  capacity 
give  satisfactory  service  for  two  years  or  more,  but  care  must  be  taken 
to  insulate  them  satisfactorily.  The  galvanometer  and  other  testing 
instruments  must  be  carefully  "  guard-wired,"  otherwise  the  tests  wiU 
be  more  or  less  vitiated  by  leakage.  No  difficulty  has  been  found  in 
training  ordinary  workmen  to  use  reflecting  galvanometers  intelli- 
gently and  without  damage.  The  strained  suspension  is  of  great  value 
in  overcoming  difficulties  due  to  vibration  of  the  building. 
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The  specification  of  the  National  Telephone  Company  provides  for 
tests  of  a  less  simple  character.  These  tests  involve  the  use  of  sinusoidal 
alternating  currents  of  speaking  and  ringing  frequencies,  and  require 
apparatus  of  special  construction. 

By  the  courtesy  of  the  National  Telephone  Company,  Ltd.,  the 
author  is  able  to  quote  in  the  Appendix  the  technical  details  of  this 
specification. 

IV^  Electrolytic  Cells, — ^Thesc  have  not  been  received  with  much 
favour  in  this  country,  but  they  were  at  one  time  used  to  a  considerable 
extent  in  Germany  for  common  battery  telephone  work.  They  have, 
however,  been  almost  entirely  discarded  in  favour  of  paraffined-paper 
condensers.  The  only  advantage  which  these  "polarisation  cells" 
possess  over  condensers  is  with  respect  to  size,  a  cell,  or  a  set  of  cells, 
capable  of  stemming  back  a  direct  current  of  25  volts  having  a  volume 
of  only  about  5  cub.  in.  On  the  other  hand,  the  cost  of  such  a  set 
of  cells  is  from  three  to  four  times  that  of  a  condenser  of  equal  effective- 
ness. The  cells  used  appear  to  be  of  three  classes,  viz. :  "  Acid  cells,*' 
consisting  of  two  small  electrodes  of  platinum  dipping  into  an  acid 
solution ;  "  sodium  cells "  (natronzellen),  in  which  the  electrolyte  is  a 
solution  of  a  sodium  salt ;  and  aluminium  cells,  in  which  the  electrodes 
consist  of  aluminium,  and  the  electrolyte  is  some  kind  of  basic  solution. 
The  acid  cells  have  a  damming  e£Fect  of  about  1*8  volt  each,  the 
sodium  cells  about  27  volts,  and  the  aluminium  cells  as  much  as  30  or 
more  volts.  It  is  probable  that  the  polarisation  cell  would  never  have 
been  developed  as  a  practical  device  if  the  modern  condenser  had  been 
available  at  a  reasonable  price  in  the  early  stages  of  telephone  develop- 
ment The  disadvantage  of  the  polarisation  cell  is  that  it  is  more  or 
less  leaky,  l>oth  electrically  and  mechanically.  The  permanent  polarisa- 
tion current  passing  through  each  cell  is  small,  but  on  a  system  of 
many  thousand  subscribers  the  aggregate  leakage  becomes  consider- 
able. The  mechanical  difficulty  is,  however,  the  more  serious  one.  If 
the  cells  are  hermetically  sealed  they  are  liable  to  burst  owing  to  the 
gradual  accumulation  of  gas,  which  has  been  known  to  cause  pressures 
up  to  20  atmospheres.  To  avoid  this  difficulty  some  forms  are  provided 
with  a  simple  release  valve*  This  is  particularly  necessary  with 
aluminium  cells,  as  these  are  of  larger  size  and  evolve  a  greater 
quantity  of  gas.  It  is,  however,  almost  impracticable  to  prevent  some 
leakage  of  the  solution,  and  in  all  the  circumstances  it  is  not  surprising 
that  the  chemical  cell  has  been  ousted  by  the  static  condenser. 
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APPENDIX. 

Post  Office  Specificatiox  for  Condensers,  Wooden  Cased, 
FOR  Telegraph  Purposes. 

The  plates  to  be  secured  between  substantial  iron  clamps  and  to  be 
boxed  up  solid  and  air-tight  with  an  approved  insulating  compound, 
the  clamp  being  secured  to  the  side  of  the  case  by  means  of  suitable 
lugs  and  screws. 

The  capacity  of  each  section  to  be  not"more  than  5  per  cent,  higher 
or  lower  than  the  nominal  value  in  the  case  of  plates  of  i  microfarad 
and  above,  and  not  more  than  10  per  cent,  higher  or  lower  in  the  case 
of  capacities  of  less  than  i  microfarad,  and,  in  the  case  of  signalling 
condensers,  the  difference  between  the  two  halves  of  the  condenser  to 
be  not  more  than  0*25  microfarad. 

The  capacity  of  each  section  to  be  measured  by  taking  the  instan- 
taneous discharge  after  the  section  has  been  charged  for  a  period  of 
10  seconds  with  an  electromotive  force  of  30  volts. 

Each  condenser  will  be  tested  for  insulation  and  electrification,  but 
these  tests  will  be  taken  on  the  condenser  as  a  whole  and  not  on  the 
separate  sections,  and  the  tests  will  be  taken  with  an  E.M.F.  of  400 
volts  as  follows :  The  condenser  being  at  a  temperature  of  approxi- 
mately 60"*  Fahr.,  apply  the  battery  for  a  period  of  two  minutes.  The 
deflection  shown  after  one  minute  must  indicate  such  an  insulation 
resistance  in  megohms  that  when  multiplied  by  the  capacity  in  micro- 
farads the  product  shall  be  not  less  than  1,000.  The  deflection  shall 
steadily  decrease  during  the  second  minute,  and  the  difference  between 
the  readings  at  the  beginning  and  end  of  the  second  minute  shall  be 
not  less  than  20  per  cent,  of  the  first  minute  reading  for  i  microfarad 
and  the  larger  sized  condensers,  and  10  per  cent,  of  the  first  minute 
reading  for  condensers  less  than  i  microfarad,  but  including  0*5  -f  0*5. 

The  case  to  be  of  best  well-seasoned  Spanish  mahogany  and  to  be 
thoroughly  French  polished. 


Post  Office  Specification  for  Condensers,  Metal  Cased,  for 
Telephone  Purposes. 

The  overall  length,  width,  and  thickness  of  the  complete  condenser, 
including  the  outside  soldering  tags,  not  to  exceed  the  following  dimen- 
sions, viz.  : — 

For  condensers  0*5  mfd.  ...     4}  in.  x  2^  in.  x  te  in- 
10    „      ...    4}  in.  X  43  in.  x  W  in. 


2-0  „  ...  4}  in.  X  4}  in.  X  A  in. 

2-0  „  ...  (square)  4I  in.  x  if  in.  x  ij  in. 

4-0  „  ...  4}  in.  X  4}  in.  x  li  in. 

100  „  ...  4}  in.  X  4J  in.  X  2H  in. 
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The  maximum  total  weight  allowed  for  each  type  of  condenser, 
complete  with  case,  is  as  follows : — 

0*5  mfd 4  oz. 

I'o    „      8  oz. 

2-0    , 12  oz. 

20    „      (square)  10  oz. 

40    „      I  lb.  4  oz. 

lO'O    „     2  lbs.  14  oz. 

The  letters  "G.P.O./'  the  manufacturer's  approved  code  letter,  the 
year  of  manufacture,  and  the  nominal  capacity  of  the  condenser,  to  be 
plainly  stamped  on  the  metal  case  as  on  pattern.  The  stamping  to 
be  done  before  the  condenser  is  inserted  in  the  case.  The  actual 
capacity  to  be  not  more  than  10  per  cent  higher  or  lower  than  the 
marked  value. 

The  capacity  to  be  measured  by  taking  the  instantaneous  discharge 
after  the  condenser  has  been  charged  for  a  period  of  10  seconds  with 
an  E.M.F.  of  30  volts. 

Each  condenser  will  l>e  tested  for  insulation  and  electrification,  but 
these  tests  will  l)e  taken  on  the  condenser  as  a  whole  after  fitting  in  the 
case  and  not  on  separate  sections.  The  tests  will  l>e  taken  with  an 
E.M.F.  of  300  volts  as  follows  :  The  condenser  being  at  a  temperature  of 
approximately  60"  Fahr.,  apply  the  battery  for  a  period  of  two  minutes. 
The  deflection  shown  after  one  mipute  must  indicate  such  an  insulation 
resistance  in  megohms  that  when  multiplied  by  the  capacity  in  micro- 
farads the  product  shall  be  not  less  than  300.  The  deflection  shall 
steadily  tlecrease  during  the  second  minute,  and  the  difference 
between  the  readings  at  the  beginning  and  the  end  of  the  second 
minute  shall  be  not  less  than  20  per  cent,  of  the  first  minute  reading. 

The  insulation  resistance  between  either  of  the  outside  soldering 
tags  and  the  metal  case  to  be  not  less  than  300  megohms. 

The  condenser  plates  to  t>e  tightly  fitted  in  the  metal  case  and  the 
top  to  be  hermetically  sealed  before  the  metal  top  is  put  on.  The 
s<^ing  composition  must  not  be  brittle  or  so  soft  that  it  will  flow  at  a 
temperature  of  75°  Fahr.,  and  it  must  adhere  firmly  to  the  tinned  iron 
case. 

The  ebonite  strip  carrying  the  tags  to  be  securely  riveted  to  the 
metal  cap,  and  the  latter  to  fit  well  and  to  be  firmly  soldered  to  the  body 
of  the  case  at  l>oth  ends. 

The  condensers  to  be  fully  equal  to  pattern  as  regards  workmanship 
and  finish. 

The  case  to  be  stove-enamelled  with  a  finish  equal  to  that  of  the 
pattern.    The  enamel  to  be  hard  but  non-chipping. 

National  Tklefhoxe  Company's  Specification  for  CoNDKNhEKs 
(Technical  Details  only). 

I.  The  capacity  to  be  not  less  than  r8  nor  more  than  2*2  micro- 
farads when  tested  with  direct  current  at  4  to  5  volts,  and  with  an  alter* 
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Dating  current  (sinusoidal  wave)  at  4  to  5  volts  and  800  periods  per 
second. 

2.  The  insulation  resistance  to  be  not  less  than  100  megohms 
between  the  two  plates  and  between  the  plates  and  the  case  when 
tested  with  an  E.M.F.  of  100  to  200  volts. 

3.  The  condensers  to  withstand  an  E.M.F.  of  400  volts  maximum 
(not  R.M.S.  value),  alternating  at  20  to  25  rxj  per  second  applied  at  the 
terminals  for  a  period  of  half  a  minute. 


FOILED   PAPER  CONDENSERS. 

Temperature  Coefficients  for  Correcting  Insulation 
Resistance  to  Standard  Temperature  (60°  Fahr.). 


(400  Volts,  60  Seconds.) 


Testing 

Temperature. 

Deg.  Fahr. 

To  Correct  to  600, 
Multiply  by 

TesUng 
Deg.  Fabr. 

To  Correct  to  6oi», 
Multiply  by 

50 

0710 

71 

1-457 
1-508 

SI 

0734 

72 

52 

0759 

73 

1-561 

53 

0785 
0'8l2 

74 

1-6x6 

54 

75 

1-673 

55 

0840 

76 

1-732 

56 

0870 

77 

I'Ss 

H 

0-901 

78 

58 

0933 

79 

1-919 

0-966 

80 

1986 

60 

1000 

81 

2-055 

61 

1035 

82 

2-127 

62 

1071 

83 

2-202 

63 

*  I -109 

84 

2-279 

2-358 

64 

1-148 

85 

65 

i-i88 

86 

2440 

66 

1-229 
.     1-272 

u 

2525 

2-613 

1-316 

89 

2704 

69 

1-361 

90 

2-799 

70 

1-408 

Sir  John 
Gavey. 


Discussion. 

Sir  John  Gavey  :  I  should  like  to  make  one  brief  remark  in  refer- 
ence to  the  introduction  of  the  rolled  method  at  Mount  Pleasant  This 
method  was  not  of  my  design,  as  might  be  gathered  from  the 
paper.  I  owe  it  to  a  hint  given  me  by  my  good  friends  the  Western 
Electric  Company,  at  New  York  and  Chicago.  The  way  in  which 
Mr.  Mansbridge  moved  onwards  from  that  in  use  in  America  to  that 
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designed  by  him,  known  as  the  foil-paper  method,  is  very  interesting,  sir  John 
and  the  manner  in  which  he  overcame  the  difficulties  of  obtaining  a  ^*^y- 
well-conducting  foil  paper  almost  resembles  a  stroke  of  genius.  The 
fact  also  that  this  new  method  involved  a  self-sealing  condition  which 
eliminated  accidental  faults  is  one  of  very  great  value.  Many  of  us  will 
remember  in  the  olden  days,  when  the  plate  lightning  arrester  was  first 
introduced,  these  arresters  certainly  prevented  damage  to  the  instru- 
ments they  were  intended  to  protect,  but  they  generally  put  the  line 
to  earth  and  caused  an  interruption  of  varying  duration.  This  earthing 
of  the  line  was  due  either  to  the  carbonisation  of  the  paraffin  paper 
separating  the  earth  and  the  line  plates,  or  to  the  fusing  of  small  par- 
titles  of  metal  which  placed  them  in  contact.  I  must  confess  personally 
that  when  we  first  introduced  condensers  on  a 'large  scale  in  telegraph 
circuits  for  quadruplex  and  other  methods  of  working  I  rather  antici- 
pated that  we  should  get  a  good  deal  of  the  trouble  that  we  had 
experienced  with  plate  protectors,  and  I  was  ultimately  glad  to  find 
that  my  fears  were  unfounded,  because  although  in  theory  the  con- 
denser would  represent  a  very  extended  lightning  arrester,  in  practice 
it  absorbed  the  charge  without  causing  a  disruptive  discharge  to  earth. 
We  must  bear  in  mind,  of  course,  that  an  ordinary  lightning  discharge 
from  a  telegraph  circuit  is,  as  a  general  rule,  rather  an  inductive  than 
a  direct  effect ;  in  other  words,  when  the  pressure  from  a  lightning 
cloud  passing  over  a  line  of  conductors  is  reduced  by  a  flash  of  light- 
ning the  static  stress  in  the  telegraph  wire  is  released,  a  discharge  takes 
place,  and  when  the  end  of  the  wire  is  connected  with  a  condenser  of 
atx)ut  the  same  capacity  as  itself  the  discharge  harmlessly  divides  itself 
l>etween  the  wire  and  the  condenser.  The  use  of  condensers,  if  I  may 
t>e  permitted  briefly  to  refer  to  that  aspect  of  the  question,  has  increased 
marvellously  in  the  telegraph  and  telephone  service.  I  should  not  like 
to  say  how  many  millions  of  condensers  are  now  in  use.  At  all  events, 
every  telephone  circuit  fitted  up  on  modern  principles  has  a  condenser 
in  it.  They  have  been  largely  used  for  telegraph  purposes,  and  that 
use  is  extending  day  by  day,  so  that  I  think  it  is  not  a  very  far-fetched 
idea  if  I  say  that  we  are  uithin  measurable  distance  of  having  a  con- 
denser on  every  telegraph  circuit  as  we  have  oo  every  up-to-date 
telephone  circuit.  The  use  of  condensers  has  allowed  us  to  introduce 
universal  battery  working  on  omnibus  circuits  which  had  previously 
to  be  supplied  with  independent  batteries  at  every  small  station.  This 
in  itself  will  involve  an  enormous  economy  in  telegraph  working,  and 
I  think  it  is  almost  certain  that  the  use  of  condensers  will  become 
universal  on  telegraph  and  telephone  circuits  within  a  brief  period 
from  now.  From  this  point  of  view,  therefore,  anything  which  tends 
to  facilitate  their  manufacture,  to  reduce  their  price,  and  to  render 
them  more  stable  is  a  very  great  advantage  to  both  sendees. 

Mr.  J.  E.  KixcsBURV  :  It  may  be  interesting  if  I  took  a  few  moments  ?t'-^^ 
in  referring  to  one  or  two  historical  facts  in  connection  with  the  use 
of  condensers  on  telephone  circuits  and  the  methods  of  their  manu- 
facture.   One  of  the  earliest  references  to  the  use  of  condensers  on 
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Mr.  telephone  circuits  that  I  have  been  able  to  find  is  in  a  patent  witfch 

Kingsbury.  ^^^  deposited  in  the  United  States  Patent  Office  by  Black  and  Rose- 
burgh  on  June  4, 1878,  although  it  was  not  issued  till  February  18, 1879. 
It  was  for  the  use  of  a  condenser  in  place  of  a  type  of  apparatus  which 
had  been  mentioned  in  a  previous  specification  of  Roseburgh's,  and  it 
is  of  interest  to  note  that  the  type  of  apparatus  which  it  displaced  was 
practically  the  same  thing  as  the  tube  which  Mr.  Mansbridge  has 
explained  to  us  is  used  in  these  high-tension  condensers.  This  was 
fhe  fourth  claim  of  Roseburgh's  U.S.  patent,  No.  212,510:  **  In  tele- 
phony a  glass  tube  (a)  filled  with  glycerine  and  water  or  other  suitable 
liquid,  and  provided  with  air-tight  fitting  caps  (6  6)  connected  with 
platinum  points  {dd)  forming  a  high  resistance  medium  capable  of 
offering  high  resistance  to  the  galvanic  current  and  comparatively 
little  resistance  to  the  induced  current,  applied  substantially  as  and 
for  the  purpose  specified."  That  was  issued  on  February  18,  187c), 
and  filed  on  May  25,  1878.  A  few  days  later,  apparently,  he  had  found 
that  a  condenser  was  far  more  suitable  for  the  purpose  he  had  in  view 
than  the  tube  of  glycerine  and  water,  and  the  first  claim  of  his  second 
specification  (No.  212,433)  was  :  "At  any  station  of  a  telegraph  or  tele- 
phone line,  and  on  a  derived  line  of  the  same,  the  combination  of 
a  telephone,  with  or  without  other  secondary-current  apparatus,  and  a 
condenser,  so  that  the  secondary-current  apparatus  may  be  used  without 
interfering  with  the  action  of  the  galvanic  circuit  and  so  that  the  galvanic 
circuit  may  be  broken  between  the  points  where  the  two  ends  of  the 
derived  line  are  attached  without  breaking  the  secondary-current  circuit, 
substantially  as  set  forth."  There  might  have  been  some  earUer  patents, 
but  that  is  amongst  the  earliest  that  I  have  been  able  to  find.  It  may 
be  of  interest  also  to  note  that  in  that  specification  a  condenser  is 
described  as  follows  :  "  The  condenser  is  constructed  of  alternate  layers 
of  tinfoil  and  thin  plates  of  mica,  guttapercha,  or  paper  saturated  with 
paraffin,  arranged  like  the  leaves  of  an  interleaved  book.  Each  alter- 
nate metal  plate  is  connected  so  as  to  form  a  distinct  series,  and  each 
series  is  insulated  from  the  other,  one  of  which  should  in  this  case  be 
connected  with  the  line  and  the  other  with  the  earth,  the  telephone 
being  inserted  above  or  below  the  condenser  as  may  be  most  con- 
venient, but  forming  part  of  the  same  circuit."  That  description  I 
think  would  apply  to  almost  any  condenser  until  about  1896.  Con- 
densers were  used  in  telephone  working  to  a  small  degree  only 
and  for  very  special  purposes;  no  considerable  demand  had  existed 
for  them.  But  in  1896  the  central  battery  system  was  being  actively 
developed.  The  central  battery  system  eliminated  the  magneto,  and 
hence  provided,  other  things  being  equal,  a  cheaper  substation  outfit. 
But  the  condenser  of  the  period  was  a  costly  apparatus,  difficult 
to  make,  and  unobtainable  in  large  quantities.  I  think  we  may  say 
that  the  invention  of  a  cheap  and  practical  condenser  was  as  much 
the  invention  of  necessity  as  any  other  invention  that  we  have  to  deal 
with.  The  American  Bell  Telephone  Company  found  themselves  in 
the  position  of  requiring  a  cheap  condenser,  a  small  condenser,  and 
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a  condenser  which  could  be  manufactured  in  large  quantities.  The  Mr. 
demand  created  the  supply.  There  were  three  engineers  in  the  employ  Kta«»*>"*7- 
of  the  Company,  named  Lee,  Westcott,  and  Robes,*  who  tackled  the 
problem  and  developed  a  condenser  manufactured  from  rolls  of  paper 
and  rolls  of  tinfoil,  using  machinery  for  the  purpose,  very  much  after 
the  manner  that  Mr.  Mansbridge  has  shown  us  in  operation  this 
evening.  Their  method,  having  been  brought  to  a  practical  con- 
clusion, supplied  condensers  for  shillings  instead  of  guineas,  and 
permitted  the  manufacture  by  millions  instead  of  tens.  As  Mr.  Mans- 
bridge has  told  us,  that  was  the  position  of  the  art  when  he  took  a 
further  step  forward.  It  seems  obvious  that  if  a  single  sheet  of  paper 
can  carry  with  it  the  metal  there  must  be  an  economy  ;  there  ought 
to  be  greater  certainty  than  in  the  case  of  running  two  separate  strips 
of  material,  and  it  seems  to  me  to  indicate  a  very  happy  thought  on 
the  part  of  the  author  to  bring  about  that  combination.  In  practice 
I  know  there  were  some  difficulties  in  carrying  out  the  author's  work 
as  origmally  introduced,  but  I  think  it  was  that  further  happy 
thought  of  burning  out  the  faults  and  applying  an  apparently  destruc- 
tive current  to  the  substance  that  put  into  actual  practical  shape  what 
before  •perhaps  had  something  wanting.  As  between  Mr.  Mans- 
bridge's  condenser  and  the  form  previously  in  use,  that  is  not  a  point 
upon  which  I  am  in  a  position  to  ofifer  any  criticism  or  make  any 
comparisons.  There  would  seem  to  be  an  obvious  advantage  in  Mr. 
Mansbridge's  form,  and  so  much  is  that  a  matter  of  our  belief  that  in 
our  London  factory  we  have  adopted  Mr.  Mansbridge's  process.  If  wc 
have  not  been  enabled  to  convince  all  other  factories  of  its  superiority, 
perhaps  it  is  only  a  question  of  time  before  we  are  able  to  do  so. 

Mr.  A.  Wh ALLEY  :  Representing  one  of  the  first  firms  which  took   »*«■. 
up  a  licence   under  the  author's  patent,  my  experience   has  been  ^" 

only  in  making  condensers  in  the  rolled  form  of  foiled  paper, 
and  having  a  single  interleaving  paper  half  a  mil  thick  between 
the  two  foiled  papers.  Mr.  Mansbridge's  paper  refers  primarily  to 
the  u.>e  of  condensers  of  his  own  pattern  for  telephonic  and  telegraphic 
work,  but  they  are  of  some  interest  at  the  present  moment,  one  might 
think,  also  to  electric  light  engineers,  especially  as  it  was  recently 
brought  out  in  the  discussion  before  the  Institution  on  Messrs.  Handcock 
and  Dykes's  paper  on  metallic  filament  lamps  that  the  use  for  lamp 
circuits  of  transformers,  or  auto-transformers,  seriously  lowers  the 
power  factor  of  the  lighting  cir»:uits.  These  condensers,  with  only 
a  single  interleaving  paper,  are  quite  suitable  to  use  in  capacities 
of  lo  or  more  microfarads,  and  will  stand  all  day  long  230  volts  with 
scu-cely  a  noticeable  rise  of  temperature,  and  could  no  doubt  be  made 
to  stand  from  450  to  500  volts ;  at  any  rate,  it  would  be  worth  con- 
sideration as  an  attempt  to  raise  the  power  factor  at  a*comparatively 
small  cost.  As  regards  the  breakdown  point  mentioned  of  150,000 
volts  per  centimetre  for  the  metallic  foil  condensers,  our  own  practice 

*  Le«,  Westcott,  and  Robes  U.S.  patent  U  Na  575.653.    Filed  July  8.  iSt/K   Issued 
jonuar)  19,  1897. 
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Mr.  in  the  shops  at  Helsby  is  to  strain  these  condensers  with  a  direct 

^^^  ^  current  of  500  or  600  volts  sent  through  a  commutator  to  give  a  flat- 
top curve,  alternatively  positive  and  negative  ;  we  sort  out  the  weak 
or  defective  condensers  by  that  pressure  and  they  stand  it  for  a 
long  length  of  time.  The  "degree  of  electrification"  which  Mr. 
Mansbridge  mentions  at  page  557  as  falling  seriously  with  a  rise  of 
temperature  is,  as  Mr.  Mansbridge  mentioned  verbally  to-night,  the 
percentage  fall  of  efcctrification.  Apparently  the  temperature  co- 
efficients which  are  given  on  the  last  page  for  correcting  the  megohms 
do  not  apply  when  correcting  the  percentage  fall  of  electrification,  but 
it  is  not  quite  clearly  stated.  Frequently  the  condenser  shops  are  at 
high  temperature,  something  like  85°  F. ;  and  it  would  be  of  interest  if 
it  could  be  brought  out  in  the  discussion  whether  temperature  has 
also  a  serious  effect,  under  the  National  Telephone  Company's  Specifi- 
cation, on  the  difference  between  the  observed  capacity  measurement 
with  direct  current  and  with  alternating  current.  The  formulae  given 
on  page  559  for  measuring  the  megohms  per  microfarad  of  the  condenser 
are  interesting.  They  are,  I  presume,  the  maximum  possible  figures, 
and  not  the  specification  figures.  Apparently  they  are  based  on  some- 
thing like  1,750  megohms  per  microfarad  at  60  degrees  at  a  pressure 
of  300  volts.  The  Post  Office  Specification  gives  a  figure  of  1,000 
megohms  per  microfarad  for  telegraph  condensers,  and  for  telephone 
condensers  about  300,  so  that  different  constants  will  be  needed  to  get 
the  specification  figures.  Artificial  cables  will  be,  I  believe,  of  very 
great  use  to  technical  colleges  if  they  lay  themselves  out  to  cultivate 
and  spread  a  knowledge  of  the  telephonic  art,  as  Mr.  GUI  hopes,  and 
they  will  soon  be  on  the  market  at  a  reasonable  price,  up  to  sixty  or 
more  miles.  The  author's  process  has  become  the  standard  on  the 
Continent,  I  believe,  and  in  Great  Britain,  and  possibly  it  will  soon 
become  the  standard  also  in  America. 
Major  ^  Major  W.  A.  J.  OMeara,  C.M.G.  :  It  may  be  of  interest  if    I 

gave  a  few  statistics  as  to  the  use  of  condensers  in  th^  Post  Office. 
During  1906  there  were  issued  for  telephonic  use  14,130  condensers, 
representing  32,200  microfarads;  last  year  there  were  issued  14,800 
condensers  representing  33,550  microfarads.  It  may  be  of  interest  to 
know  that  at  present  we  have  in  use  on  our  telephone  circuits  some 
80,000  condensers  representing  o'i8  farad.  Sir  John  Gavey  referred 
to  the  increasing  use  of  condensers  for  telegraphic  purposes,  and  I 
have  a  few  figures  in  relation  to  that  matter  too.  In  1906  we  issued 
2,130  condensers,  representing  15,270  microfarads;  last  year  we 
issued  2,470  condensers  representing  12,130  microfarads.  I  am  sorry 
to  say  I  have  not  the  exact  figures  relating  to  the  total  number  of 
condensers  in  use  on  telegraphic  circuits,  but  I  understand  that  we 
have  in  this  country  6,000  condensers. 

I  may  say  the  figures  I  have  mentioned  refer  to  paper  condensers 
manufactured  as  described  by  Mr.  Mansbridge.  We  have  had  these 
condensers  in  use.  now  for  seven  years,  and  I  think  I  can  support 
Mr.  Mansbridge  in  his  claim  that  they  are   satisfactory  from  every 
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point  of  view  ;  that  is  to  say,  we  have  not  found  them  to  fail  from  loss  Major 
of  insulation  or  in  any  other  way.  **"" 

Mr.  B.  S.  CoHEX  :  There  is  one  important  point  that  Mr.  Mans-  Mr.  Cohen, 
bridge  does  not  refer  to  in  his  interesting  paper,  and  that  is  the  effect 
of  alternating  current  on  condenser  capacity.  It  will  be  seen  that, 
in  the  National  Telephone  Company's  Specification  for  condensers,  a 
reference  is  made  in  the  first  clause  to  a  test  with  both  alternating 
current  and  with  the  ordinary  discharge  method.  Many  forms  of 
commercial  condensers  possess  considerable  dielectric  losses,  which 
result  in  a  reduction  in  capacity,  when  measured  by  alternatmg 
current,  to  such  an  extent  as  to  cause  serious  trouble.  The  necessity 
for  testing  condensers  in  practice  with  alternating  current  was,  I  think, 
first  pointed  out  by  the  Engineering  Staff  of  the  Western  Electric 
Company.  A  few  years  ago  an  investigation  was  carried  out  in  the 
National  Telephone  Company's  laboratories  to  determine  the  capaci- 
ties of  various  types  of  commercial  condensers  at  telephonic  speech 
frequencies,  and  perhaps  a  few  of  the  results  may  prove  of  interest. 
A  batch  of  condensers  of  one  pattern,  with  a  mean  discharge  capacity 
of  2*09  microfarads,  when  measured  by  alternating  current  of 
800  (\j  ,  had  a  mean  capacity  of  176,  or  a  percentage  variation  of 
18*8.  Another  batch,  when  measured  by  discharge,  had  a  percentage 
increase  of  capacity  amounting  to  just  under  i  per  cent. ;  a  further 
batch  with  an  alternating-current  capacity  of  1*81  microfarads 
had  a  discharge  capacity  of  2*43,  or  34*2  per  cent,  increase.  One 
condenser  tested  had  actually  an  alternating-current  capacity  of 
0*6  microfarad,  and  a  discharge  capacity  of  i*88  microfarad*  From 
these  figures  it  will  be  seen  that  the  variation  may  be  consider- 
able, and,  despite  the  fact  that  these  condensers  might  have  been 
accepted  as  satisfactory  under  a  specification  which  only  covered 
discharge  capacity,  insulation,  and  breakdown  tests,  many  of  them 
would  give  very  serious  trouble  when  installed  in  telephone  instru- 
ments or  circuits.  Only  a  few  condensers  of  the  Mansbridge  type 
have  been  tested  and  these  do  not  show  any  great  variations,  though 
those  made  by  the  G.P.O.  were  apparently  superior  to  those  made 
by  outside  firms.  It  would  not  appear  that,  provided  the  foil  is  of 
negligible  resistance,  this  type  of  condenser  should  vary  more  than  the 
ordinary  pattern.  I  might  mention  that,  given  an  alternating  current 
of  about  800- rvj  frequency,  the  workshop  capacity  test  on  condensers 
with  this  current  is,  if  anything,  simpler  than  the  corresponding 
direct-current  test,  as  all  that  is  required  is  a  standard  condenser, 
slide-wire  bridge,  and  a  telephone  receiver.  The  question  of 
insulation-resistance  variation  of  commercial  condensers  with  alter- 
nating current  docs  not  appear  to  have  been  studied  to  any  very  great 
extent,  and  I  should  like  to  ask  the  author  if  he  can  give  us  any 
information  on  that  subject.  The  tests  for  this,  involving  as  they 
do  measurements  of  very  small  power  factors,  are  more  difficult  to 
make  commercially  than  the  corresponding  capacity  tests,  which,  I 
think,  in  all  probability  cover  the  effects.    In  this  connection  I  should 
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Mr.  Cohen,    like  to  refer  to  the  artificial  cables  for  telephone  work  that   were 
mentioned   by   Mr.  Mansbridge  and  also  by  Mr.  Whalley  as  being 
shortly   ready  for  the  market.     Whilst  probably   of  great    use    for 
educational  work,  I  should  think  it  very  possible  that  such   cables 
might  introduce  some  dangers  in  use.     The  general  type  of  artificial 
cables  manufactured  for  actual  telephone  work  have  the  capacity  and 
resistance  lumped  to  such  an  extent  that  the  result  is  the  same  as  if 
they  were  evenly  distributed  within  a  very  small  percentage.     Such 
artificial   cables,  if  manufactured  with  silvered  mica  condensers,  act 
almost  in  the  same  manner  as  telephone  dry-core  cable,  as  the  latter 
shows  very  little  variation  in  capacity  with  alternating  current.       If 
artificial  cables,  however,  are  manufactured  with  capacities  made   up 
with  paraffined  paper,  care  would  have  to  be  taken  to  avoid  trouble 
caused  by  variations  in  capacity. 

Mr.  Oppcn-  Mr.  H.  Oppenheimer  :  As  far  as  I  am  concerned,  I  can  congratu- 

late Mr.  Mansbridge  on  the  progress  he  has  made  since  I  first  saw 
his  apparatus,  two  years  ago.  There  is  no  doubt  that  to-day  the  manu- 
facture of  the  telephone  condensers  is  merely  a  matter  of  practice. 
The  elementary  stages  have  been  solved  by  Mr.  Mansbridge,  and  those 
firms  which  have  taken  up  the  manufacture  have  been  initiated  in  such 
a  perfect  manner  that  even  at  the  very  start  the  relative  results  are  very 
satisfactory.  I  remember  that  from  the  first  batch  of  condensers  we 
made  we  had  about  7  per  cent. "  wasters  "  ;  in  the  second  lot  we  brought 
the  figure  down  to  3*8,  in  the  third  batch  to  i'6,  the  next  to  0*36,  and 
to-day  we  have  arrived  at  0*2.  It  is  remarkable  when  one  compares  the 
various  specifications  to  see  how  the  telephone  departments  who  have 
most  common  battery  experience  have  come  practically  to  the  same  con- 
clusion, and  have  fixed  the  tests  almost  alike.  As  far  as  the  pressure  to 
be  applied  is  concerned,  I  think  the  G.P.O.  Specification  prescribes 
300  volts,  the  National  Telephone  Company  400  voUs,  the  Colonies 
1,000  volts,  and  the  Continent  350  volts.  The  time  during  which  the 
test  is  applied  is,  in  the  G.P.O.  two  minutes,  the  National  Telephone 
Company  half  a  minute,  the  Colonics  five  minutes,  and  the  Continent 
one  minute.  The  insulating  resistance  is,  in  the  G.P.O.  300  megohms, 
the  National  Telephone  Company  200  megohms,  the  Colonics  1,000 
megohms,  and  the  Continent  400  megohms.  These  figures  appear  to 
show  that,  although  the  Colonies  are  at  the  present  moment  endeavour- 
ing to  take  advantage  of  the  experience  gained  on  this  side  and  to 
introduce  common  battery  working,  still  they  are  placing  certain  restric- 
tions round  the  attributes  and  devices  used  in  connection  therewith 
which  are  certainly  detrimental  to  progress.  To  require  that  an  ordinary 
telephone  condenser  should  withstand  a  1,000- volt  pressure  for  five 
minutes  and  that  its  insulation  resistance  should  be  1,000  megohms 
is  practically  nullifying  the  efforts  and  the  progress  made  by  Mr. 
Mansbridge. 

Mr.  Taylor.  Mr.  J.  E.  Taylor  :  In  connection  with  liigh-tension  condensers  of 

the  silvered  Leyden  jar  type  to  which  Mr.  Mansbridge  refers  in  the 
earlier  part  of  his  paper,  I  have  had  some  experience  with  these  for 
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wireless  telegraphy  purposes  which  may  be  of  interest.    Some  years   Mr.  Taylor. 
ago,  before  the  Moscicki  condcn;»ers  were  put  on  the  market,  I  had 
several  experimental   Leydcn  jars  made  with  coatings  of  chemically 
deposited  silver,  and  though  they  had  some  advantages  over  the  usual 
tinfoil-coated    jars,  particularly  as    regards    efficiency  in    producing 
electrical   oscillations,  they  also   had   some   serious  drawbacks.    The 
silver  coating  was  very  easily  damaged,  either  mechanically  or  electri- 
cally, in  the  latter  case  by  an  effect  very  similar  to  that  producing  the 
"  self-sealing "  quality  in  the  Mansbridge  foiled  paper  condenser.     It 
was  found  difficult  to  make  secure  connections  to  the  silver  coatings  of 
such  a  nature  that  no  sparking  occurred  at  any  point  of  connection, 
and  so  soon  as  the  minutest  trace  of  sparking  occurred  the  silver  was 
rapidly  eaten  away.     In  other  cases  accidental  sparking  to  neighbouring 
wires  or  other  conductors  produced  the  same  effect,  which,  if  unob- 
served,  quickly  caused  erosion  of  considerable  areas  of  the  coatings. 
Backings  of  electro-deposited  copper  and  of   celluloid  varnish  were 
tried  but  did  not  prove  altogether  satisfactory.     The  copper  coating  on 
the  curved  surfaces  of  a  Leyden  jar  is  liable  to  become  detached  and 
peel  off,  while  the  varnishes  do  not  afford  complete  protection  from  the 
sparking  trouble.    A  similar  erosion  also  occurred  at  the  upper  edges 
of  the  coatings  due  to  the  well-known  "  brush  "  discharges  which  take 
place  there.    In  connection  with  these  brush  discharges  from  Leyden 
jars  which  are  a  source  of  damping  losses  in  the  oscillating  circuit 
of  a  wireless  telegraph  transmitter,  I  do  not  remember  to  have  seen  a 
really  satisfactory  explanation  of  their  cause  ;  the  usual  explanations 
based  upon  the  surging  of  the  charges  round  the  circuit  or  the  decrease 
of  specific  inductive  capacity  of  glass  at  high  frequencies  of  alteration 
arc  not  adequate.    The  matter,  it  seems  to  me,  is  best  explained  as  an 
effect  of  ionisation  of  the  air  at  the  edges  of  the  coatings.    Successive 
Oscillations  during  the  period  of  discharge  build  up  the  ionisation  which 
facilitates  and  Augments  the  discharges  primarily  due  to  the  density  of 
the  electric  field  at  the  edges.    This  will  account  for  various  effects 
obser\'ed,  notably  that  the  more  sustained  the  oscillations  the  more 
pronounced  do  the  brush  discharges  become.    This  view  also  fits  some 
of  the  effects  noticeable  in  improperly  adjusted  spark  gaps  in  wireless 
transmitters  when  the  conditions  are  such  that  the  first  rush  does 
not  create  a  spark,  but  perhaps  causes  a  brushing  or  spitting  discharge 
which,  after  a  fraction   of  a  second,  ionises  the  air  sufficiently   to 
facilitate  the  formation  of  the  main  spark,  weakened,  however,  to  an 
abnormal  extent   by   the  energy  absorbed  in  the  first   part  of   the 
process. 

Reverting  to  the  Mansbridge  foiled  paper  condenser,  I  can  support 
some  of  the  advantages  claimed  for  the  self-sealing  quality  of  these 
appliances.  I  have  found  it  possible  to  make  efficient  and  satisfactory 
use  of  them  for  spark-suppression  in  a  circuit  containing  a  strongly 
energised  electromagnet  where  a  condenser  of  the  older  type  and  having 
the  same  capacity  would  not  stand  a  single  rupture  of  the  circuit.  With 
the  Mansbridge  condenser  there  is  less  chance  of  perforation  of  the 
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Mr.  Taylor,  dielectric,  and  when  it  does  occur  it  does  not  perceptibly  impair  the 
condenser.  Indeed,  there  is  no  doubt  that  a  very  large  number  of 
these  perforations  must  take  place  before  the  condenser  is  rendered 
useless.  Its  replacement  then  would  not  be  a  matter  of  serious 
expense  in  view  of  the  cheapened  process  of  production. 

Dr.  SiLVANUS  P.  Thompson  :  I  have  nothing  to  say  beyond  expressing 
in  common  with  all  of  us,  the  admiration  we  have  for  Mr.  Mansbridge's 
work.    But  as  I  am  ignorant  on  the  subject  of  the  modern  condenser,  I 
feel  disposed  to  ask  two  questions.    In  the  first  place,  we  saw  a  strip 
exposed  to  the  test  flashing  with  sparks  as  all  the  faults  in  the  paper 
and  at  its  edges  were  discovered  by  the  machine  and  burnt  out.     I 
want  to  know  what  will  happen  if  that  paper  is  sent  through  a  second 
time.    Will  it  flash  at  all,  or  will  it  flash  much  or  Uttle  ?    Does  the  flash 
successfully  burn  out  all  the  faults  or  find  some  more  a  second  time 
over  ?    The  other  question  is  this  :  It  was  an  exceedingly  interesting 
physical  fact  to  be  told  that  the  metal-deposited  paper  before  being 
calendered  was  almost  a  perfect    non-conductor.    I  want  to  know 
whether  it,  in  common  with  other  metallic  films  that  are  made  of  bad- 
conductivity  materials,  becomes  a  better  conductor  in  the  presence  of 
electric  oscillations  ;  in  fact,  would  a  strip  of  that  uncalendered  paper 
act  as  a  coherer  and  become  as  a  conductor?    I  have  been  making 
some  private  inquiries  of  my  friends  sitting  near  me  of  how  much  a 
microfarad  costs  nowadays.    I  am  the  possessor  of  various  microfarads, 
and  the  dearest  condenser  I  ever  bought — it  was  only  one-third  of  a 
microfarad— I  paid  two  and  a  half  guineas  for.    At  that  rate  a  whole 
farad  would  have  cost  about  ;£7,87o,ooo,  but  I  fancy  nowadays  a  farad 
could  be  bought  for  something  like  ;£5o,ooo. 

Mr.  W.  M.  MoRDEY :  The  author  has  clearly  made  an  important 
advance  in  the  construction  of  condensers.  I  wish  to  ask  some  ques- 
tions directed  particularly  to  an  aspect  of  the  subject  on  which  I  once 
tried  to  do  some  work.  I  refer  to  energy  loss  in  dielectrics.  Some 
years  ago  I  read  a  paper*  here  on  dielectric  losses  in  cables.  I  was 
unfortunate  enough  to  make  my  experiments  on  a  rubber  cable  which 
had  the  exceptionally  high  power  factor  of  something  like  o'l,  and  I 
was  led  to  draw  certain  general  conclusions  as  to  losses  in  cables  due 
to  this  cause— conclusions  which  were  much  too  high  for  cables  such 
as  are  now  generally  used.  But  on  going  into  it  later  I  found  that  the 
dielectric  hysteresis  loss,  in  even  the  best  cables  that  can  be  obtained, 
is  so  high  that  under  certain  conditions  it  may  cause  more  waste  of 
energy  than  the  current  through  the  copper.  It  would  be  very 
interesting  if  the  author,  who  evidently  has  exceptional  facilities,  could 
go  into  the  question  of  the  losses  in  dielectrics.  With  regard  to  the 
Moscicki  high-tension  condenser  shown  by  the  author,  it  would  be  easy 
to  test  that,  as  it  seems  to  be  provided  with  a  water  circulation  which 
might  be  intended  for  the  very  purpose  of  determining  the  losses  by 
measuring  the  amount  and  rise  of  temperature  of  the  water.    I  should 

•  "  Capacity  in  Alternate  Current  Working  "  read  Jan.  lo.  1901  {journal  InsUiuiioH 
0/  Eleciricul  Engineers^  vol,  30,  p.  364). 
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not  expect  to  find  a  lower  power  factor  than  0*03.    At  that  power  factor  Mr.  Moniey 

the  loss  at  50  f\j  and  1,000  volts  would  be  10  watts  per  microfarad,  at 

10,000  volts  the  loss  would  be  1,000  watts,  and  so  on.    Such  losses  may 

affect  the  question  of  the  use  of  condensers  on  power  circuits ;  in  any  case 

it  would  be  well  to  know  what  they  are.    Some  time  ago  I  tried  to  get 

some  idea  of  how  that  loss  was  caused,  and  I  made  the  suggestion  that 

the  mere  static  attraction  between  the  electrified  surfaces,  being  often 

repeated  as  it  is  with  alternate  currents,  is  in  itself  sufficient  to  account 

for  a  good  deal  of  what  we  call  the  dielectric  hysteresis  heat  loss.    It 

may  t>e  largely  mechanical.    For  example,  if  my  arithmetic  is  not 

wrong,  with  a  20,000-volt  condenser  or  cable  and  a  dielectric  0*2  inch 

thick,  the    static  attraction  is  about  2   lbs.  per    square  foot.    This 

repeated  100  times  a  second  on  any  dielectric  may  account  for  a  good 

deal  of  heat.    Applying  that  idea  to  the  interesting  example  the  author 

gives  and  illustrates  in  connection  with  Fig  6,  of  the  breakdown  of  a 

condenser  at  1,200  volts,  assuming  that  the  thickness  of  the  dielectric 

is  alx)ut  0001  inch  (which  I  think  from  an  earlier  part  of  the  paper  is 

right),  the  actual  pressure  between  the  metallic  films  in  this  condenser 

due  to  electrostatic  attraction  may  be  atx)ut  200  lbs.  per  square  foot  or 

1*4  lb.  per  square  inch.    True,  the  attraction   may  be  to  a  certain 

extent  t>a]anced  at  the  two  sides  of  a  film  of  a  condenser,  but  where  it  is 

not  balanced  the  pressure  alone  may  t>e  quite  large  enough  to  account 

for  a  breakdown. 

The  President  :  During  the  war  in  South  Africa  we,  the  Corps  of  The 
Electrical  Engineers,  used  the  Swedish  cavalry  pattern  telephones  ^^ 
which  contained  condensers,  and  that  this  outfit  enabled  us  to  do 
exceptionally  good  service  by  enabling  speech  to  be  carried  on  through 
fine  wire  uninsulated  metaUic  circuits  laid  from  bicycles  on  the  t)are 
Veldt,  and  that  the  condenser  attachment  was,  I  t>elieve,  the  cause  of  our 
being  able  to  make  ourselves  heard  and  understood  even  if  these 
circuits  were  broken  by  cattle  or  other  means  tearing  them  apart ;  in 
several  instances  we  obtained  audible  speech  although  the  gaps  must 
have  been  many  feet  in  length,  and  we  know  that  we  could  signal 
buzz-messages  through  many  yards  of  such  breaks.  This  fact  was  of 
national  importance,  as  at  a  time  when  the  telegraph  service  had 
l>een  destroyed  we  maintained  communications  and  hence  were 
able  to  relieve  a  good  deal  of  anxiety  at  home  while  the  telegraph 
lines  were  t>eing  repaired,  as  these  telephone  communications  were 
the  only  connection  between  the  Army  in  front  and  Capetown. 

Dr.  Alexander  Russell  (communicated) :  The  paper  is  of  special  i>r.  Rti»»«ii 
interest  to  me  as  the  data  given  throw  light  on  some  curious 
phenomena  in  connection  with  the  use  of  condensers  in  latK>ratory 
work  which  I  have  noticed.  It  follows  from  Kelvin's  criterion  for  an 
oscillatory  discharge  that  when  the  resistance  of  the  ballistic  galvano- 
meter used  to  measure  the  discharge  of  a  condenser  is  sufl'iciently 
small  the  discharge  will  be  oscillatory.  In  this  case  we  would  expect 
that  the  galvanometer  would  act  m  a  curious  way.  When  investig:itnig 
these  effects  1  discovered  that  certain  needle  galvanometers  had  **  dead 
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Dr.  Russeu.  points "  f Of  transient  currents.  I  have  found,  for  example,  with  those 
galvanometers  that  if  the  needle  be  at  a  "  dead  point "  it  will  remain 
stationary  however  great  the  discharge  that  passes  through  the  galvano- 
meter coil.  If  we  diminish  the  resistance  in  series  with  the  condenser, 
we  get  a  large  throw  in  one  direction,  but  if  we  increase  it  we  get  a  throw 
in  the  other  direction.*  In  some  positions  of  the  needle  the  throws  on 
charge  and  discharge  are  in  the  same  direction,  whilst  in  others  they 
are  in  opposite  directions.  The  phenomena,  although  fairly  compli- 
cated, can  be  explained  easily  and  satisfactorily  if  we  assume  that  an 
ordinary  condenser  acts  like  an  ideal  condenser  with  a  non-inductive 
resistance  of  a  few  ohms  in  series  with  it.  So  pronounced  is  this  effect 
that  I  find  it  useful  to  classify  condensers  according  to  the  magnitude 
of  this  "effective"  internal  resistance.  In  some  condensers  this 
effective  resistance  is  large,  and  they  are  not  suitable  either  for 
measuring  inductance  in  terms  of  capacity  and  resistance,  or  for 
producing  Duddell  currents.  Probably  those  unknown  causes  which 
are  generally  classified  under  dielectric  hysteresis  and  absorption  have 
something  to  do  with  this  effect,  but  I  have  always  held  that  it  is 
mainly  due  to  the  resistance  Of  the  sheets  of  foil  used  in  making  the 
condenser,  and  a  perusal  of  this  paper  confirms  me  in  this  opinion.  I 
think  that  if  efforts  were  made  to  have  the  conductivity  of  the  foil  as 
great  as  possible  a  thoroughly  satisfactory  condenser  suitable  for 
measurements  with  high-frequency  currents  could  be  produced. 

The  effect  of  the  resistance  of  the  foil  can  be  discussed  mathemati- 
cally. To  simplify  the  theory  let  us  consider  a  condenser  made  up  of 
two  long  strips  of  foil  having  terminals  at  their  ends,  and  separated  by 
a  dielectric  of  high  insulativity  and  in  which  the  absorptive  effects  are 
negligible. 

Electricians  customarily  assume  that  the  formula  to  give  the 
capacity  K  in  farads,  when  the  voltage  is  sine-shaped,  is  K  =  A/«  V, 
where  V  and  A  are  the  effective  values  of  the  voltage  and  current 
respectively,  and  w  is  2  tt  times  the  frequency.  The  true  formula  for 
this  case  may  be  shown  to  be  f — 


A  _     /  K       rcosh  y  —  cos  y"^ 
w  V  ""  ^  «7r     Lcosh  y  -H  cos  y  J  ' 


where  ^  =  -^2  w  K  R,  and  R  is  the  resistance  of  the  two  strips  of  foil 
in  series. 

Provided  that  y  be  not  greater  than  unity,  that  is,  provided  that 
2  w  K  R  be  not  greater  than  unity,  we  may  write  with  high  accuracy — 


iV  \  90  / 


If  we  had  a  non-inductive  resistance  R,  in  series  with  ap  ideal 
condenser  K  the  corresponding  formula  would  be — 

*  Phil.  Mag.  [6],  vol.  12,  p.  202,  1906. 

t  Russell,  •♦  Alternating  Currents,**  vol.  2,  p.  471  (48). 
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approximately,  when  w  K  R,  is  small.  If  we  assume  that  R,  =  (7/45)^  R 
the  formulae  become  identical.  Now,  the  smaller  the  resistance  in  a 
circuit  the  more  nearly  docs  the  oscillatory  discharge  current  assume 
its  limiting  form  of  a  sine-shaped  alternating  current.  Hence  the 
mere  fact  that  the  capacity  of  condensers  must  be  regarded  as 
distributed  capacity  suffices  to  explain  some  of  the  phenomena 
observed  in  practice.  It  also  points  out  a  serious  limitation  to  the  use 
of  condensers  with  high-frequency  alternating  or  pulsating  current  for 
testing  purposes,  when  the  highest  accuracy  is  desired. 

Mr.  A.  W.  AsHTON  {communicated) :  Though  the  method  of  specifying  Mr.  Afthton. 
insulation  resistance  as  the  ratio  of  the  testing  voltage  to  the  current 
entering  the  condenser  after  one  minute's  electrification  is  convenient 
in  practice,  yet  the  figure  so  obtained  is  certainly  not  a  resistance. 
The  current  from  which  the  true  resistance  of  a  dielectric  may  be 
calculated  should  represent  energy  converted  into  heat  in  the  dielectric, 
which  energ>*  is  not  recoverable  on  discharge.  From  experiments 
which  I  have  made  on  foil-paper  condensers  I  have  found  that  the 
current  entering  the  condenser  after  charging  has  been  continued  for 
72  hours  is  only  about  5  per  cent,  of  the  current  at  one  minute's 
electrification  :  also  after  charging  for  a  long  period  the  curve  of 
discharge  current  t>ccomes  approximately  the  same  as  the  curve  of 
charging  current.  This  is  very  important,  and  shows  that  nearly  the 
whole  of  the  quantity  entering  the  condenser  during  electrification 
represents  recoverable  energy.  Since  the  difference  between  the  energy 
absorbed  and  that  given  out  represents  the  amount  converted  into 
heat,  it  is  evident  that  this  latter  must  be  very  minute  and  the  true 
resistance  of  the  dielectric  very  high.  I  have  shown  elsewhere  (sec 
Phil,  Mag.,  November,  1901)  that  for  certain  dielectrics  the  current 
representing  the  absorbed  energ\'  may  be  represented  by  an  expres>ion 
of  the  form  K  /-^  where  K :»  a  constant,  /  =s  time  since  commencement 
of  charge,  and  the  exponent  x  varies  from  0*43  to  078.  With  foil- paper 
condensers  I  have  found  that  this  law  is  only  approximately  true,  and 
the  exponent  of  /  varies  from  0*53  to  0*58.  The  author's  equations  on 
page  559  confirm  this  figure,  as  the  exponent  of  the  time  in  thebc 
equations  is  0*5. 

With  regard  to  the  discrepancy  noticed  by  Mr.  Cohen  between  the 
values  of  the  capacity  as  measured  by  alternating  and  direct  currents, 
there  is  no  doubt  that  the  quantity  discharged  from  the  condenser  is  a 
function  of  the  time  of  discharge.  The  capacity  calculated  from  a 
discharge  lasting,  say,  iq'oq  sec  must  differ  considerably  from  that 
determined  by  means  of  a  ballistic  galvanometer.  In  fact,  if  it  were 
possible  to  use  a  galvanometer  which  would  integrate  the  discharge 
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Mr.  Ashton.    for  the  first  ten  minutes  the  capacity  so  determined  would  be  nearly 
doubled. 

^^-  Dr.  W.  E.  SuMPNER  (communicated) :  There  is  no  doubt  that  the  appli- 

cations of  condensers  to  power  installations  using  alternating  currents 
would  be  both  numerous  and  important  if  the  condensers  could  be  made 
sufficiently  small,  cheap,  and  safe.     In  each  of  these  three  respects  the 
Mansbridge  mode  of  manufacture  is  a  decided  step  in  advance,  but  I 
should  like  to  emphasise  the  matter  of  safety.     The  author,  having  in 
view  mainly  applications  to  telegraphy  and  telephony,  has,  I  think,  not 
sufficiently  dwelt  on  the  question  of  safety.  The  self -sealing  property  of 
these  condensers  is  closely  analogous  to  that  of  oil  insulation  for  high- 
tension  transformers  and  switches.   Hitherto  condensers  for  power  pur- 
poses have  been  mainly  of  the  electrolytic  type,  and  their  high  power 
factor  and  sloppy  character  render  them  unsuited  for  engineering  pur- 
poses. Other  condensers  have  been  liable  to  breakdowns  causing  serious 
short  circuits.    But  the  condensers  now  described  act  as  automatic  cut- 
outs if  from  any  cause  they  break  down.    The  high  resistance  of  the 
metal  films  prevents  serious   currents   passing,  and  the  breakdown 
current  merely  causes  a  rupture  of  the  electrical  connections.    In  this 
respect  these  condensers  seem  safer  than  choking  coils,  for  if  a  fault 
develops  in  the  latter  a  serious  short  usually  occurs.    During  the  last 
two  years  I  have  largely  used  these  condensers  for  voltmeters  and 
phasemeters  of  the  type  recently  described  by  Mr.  Record  and  myself. 
We  have  already  pointed  out  that  one  of  these  instruments  is  admirably 
adapted  to  the  rapid  measurement  of  the  true  capacity  of  such  con- 
densers.   But  the  point  I  wish  to  make  is  the  fact  that  during  a  large 
amount  of  testing  spread  over  two  years  there  has  been  no  case  of  a 
short  circuit  due  to  the  subjection  of  such  condensers  to  alternating 
voltages  (I  have  not  used  pressures  above  400  volts).    Several  cases 
have  occurred  in  which  the  capacity  has  considerably  fallen  off.     But 
these  cases  can  fairly  be  attributed  to  faulty  manufacture  resulting  in 
the  formation  of  cracks  in  the  thin  metal  film,  such  cracks  ultimately 
becoming  ruptures  under  the  action  of  the  current.    The  better  con- 
densers, sorted  after  subjecting  them  to  alternating  voltages  for  several 
hours,  have  m  no  case,  so  far  as  I  have  been  able  to  detect,  altered 
their  capacity  in  the  slightest  degree  owing  to  the  action  of  alternating 
current,  even  when  frequently  used  with  such  currents  over  a  period  of 
eighteen  months. 

Some  of  the  time-honoured  modes  of  testing  and  specifying  the  pro- 
perties of  condensers  need  revising  now  that  Thomson  galvanometers 
and  electrometers  are  no  longer  the  only,  or  the  best,  instruments  for 
making  condenser  measurements.  The  three  important  properties  of  a 
condenser  are  its  capacity,  its  insulation  resistance,  and  its  power  factor. 
The  phrase  "  megohms  per  microfarad  "  may  be  usual,  but  is  both  a 
clumsy  and  inaccurate  term  for  its  time-constant  in  seconds.  The 
capacity  can  now  be  quickly  tested  by  a  non-reflecting  instrument.  The 
insulation  can  as  easily  be  tested  by  permanent  magnet  voltmeters  and 
micro-ammeters.    The  power  factor  is  more  difficult  to  measure,  but  is 
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the  best  and  least  fanciful  way  of  summing  up  the  absorption  properties  Dr 
of  the  condenser.  I  should  like  to  draw  attention  to  a  very  useful  paper  on  ^*°»'"*^- 
condensers  by  F.W.  Grover,*  who  has  tested  a  large  number  of  mica  and 
parafiin-paper  condensers  obtained  from  various  makers  in  Europe  and 
America.  The  results  are  of  interest  The  alternating  current  through 
a  condenser  differs  from  exact  quadrature  with  the  volts  by  a  small 
angle  B  such  that  sin  B  is  the  power  factor.  Out  of  54  mica  condensers 
of  various  makes  the  value  of  0  for  18  (or  one-third  of  these)  varied  from 
half  a  minute  to  3^  minutes.  For  36  of  the  condensers  (or  two-thirds) 
0  vras  less  than  17  minutes,  and  for  11  out  of  the  other  18,  0  was  less 
than  one  degree.  The  remaining  7  condensers  were  bad.  This 
means  that  the  power  factor  for  47  out  of  the  54  mica  condensers  was 
less  than  0*0175,  for  two-thirds  it  was  less  than  0*005,  ^^^  one-third  it  was 
less  than  0*001 1,  while  in  one  case  the  power-factor  was  so  low  as  0*0002. 
Similarly  out  of  20  paraffin-paper  condensers  of  various  makes  the 
power  factor  for  two-thirds  was  less  than  0*02,  and  for  one-third  less  than 
0*006,  while  the  lowest  was  0*0017. 

Some  of  these  results  may  need  confirmation,  for  Mr.  Grover  s 
methods  of  test  were  most  complicated  and  laborious,  and  few  experi- 
mental details  are  given.  But  there  can  be  little  doubt  about  the 
diversity  of  the  results.  The  various  values  for  the  power  factor  can 
hardly  t>e  attributed  to  differences  in  the  dielectric ;  they  are  much 
more  likely  to  be  due  to  the  conducting  surfaces.  The  loss  of  power 
due  to  the  resistances,  or  to  minute  arcs,  in  such  surfaces  is  probably 
the  most  serious  part  of  the  condenser  loss.  The  \icws  that  have  been 
advanced  about  dielectric  hysteresis  appear  to  me  to  be  purely 
imaginary.  In  any  case  the  power-factor  of  reasonably  well  made 
condensers  is  so  low  that  the  loss  of  power  is  negligible  for  engineering 
purposes.    Size,  price,  and  safety  are  the  only  important  matters. 

Mr.  A.  J.  Sti'BBs  {communicated) :  I  am  disposed  to  think  that  the  Mr.  stubbt. 
"  breaking  down  "  effect  is  probably  due  to  the  presence  of  metal-filled 
perforations  rather  than  to  sparking  over  simple  air-gaps  and  subse- 
quent fusion  of  the  surrounding  metal,  but  it  is  likely  that  an  observer 
of  Mr.  Mansbridge's  calibre  will  be  able  to  remove  one's  doubts  about 
his  theory. 

He  himself,  however,  seems  to  think  that  breakdown  of  the  more 
robust  type  of  metal-foil  condenser  must  be  accounted  for  on  somewhat 
different  lines.  Of  course,  the  use  of  two  thicknesses  of  paper  instead 
of  a  single  piece  of  double  thickness  is  a  precaution  against  the  occur- 
rence of  flaws  in  manufacture,  but  breakdown  with  two  thicknesses 
cannot  be  attributed  to  a  flaw  in  each  coinciding.  1  think  that  perhaps 
the  idea  of  the  presence  of  conducitng  flaws  in  the  paper  may  be 
strengthened  by  recent  experience  with  our  paper- insulated  cable. 
In  one  case  a  whole  delivery  from  the  paper  mills  was  found  after 
manufacture  of  a  considerable  length  of  cable  to  contain  conducting 
particles  which,  in  favourable  circumstances,  broke  down  the  insulation 
of  the  cable. 

*  Washiogtoo  Uureau  of  SUndards  vol,  iU.  Xa  3. 
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Mr.  Stubbs. 


Mr.  Adden- 
brooke. 


"  Megohms  per  microfarad  "  like  "  Megohms  per  mile  "  seems  too 
expressive  a  term  for  the  practical  man  easily  to  give  up  in  favour  of 
the  somewhat  more  correct  '*  Megohm-microfarad." 

In  regard  to  the  melting  or  setting  point  of  paraffin  wax,  I  do  not 
understand  Mr.  Mansbridge  to  mean  that  in  practice  his  normal  test 
takes  thirty  minutes?  An  equally  satisfactory  and  much  speedier 
method  is  to  place  a  small  tube  partly  filled  with  wax  against  a  thermo- 
meter and  heat  the  two  in  water,  observing  the  temperature  when  the 
wax  begins  to  rise  in  the  tube.  The  longer  method  is  certainly  inter- 
esting, but  is — as  is  implied  in  the  paper — not  that  used  to  obtain  the 
(probably  equally  accurate)  melting  points  specified  by  the  dealers. 

The  great  variation  of  insulation  per  degree  of  temperature,  if  un- 
questionable, certainly  makes  one  glad  that  the  question  of  insulation 
is  not  of  prime  importance.  It  would  be  interesting  to  know,  however, 
if  the  tests  made  were  absolutely  conclusive. 

Mr.  Mansbridge' s  work  has  been  an  important  factor  in  the  extension 
of  the  now  almost  universal  adoption  of  common  battery  working,  and  it 
may  perhaps  be  news  to  him  to  hear  that  condensers  may  prove  at  no  dis- 
tant date  the  salvation  of  the  telephone  system  itself  I  Recent  experience 
shows  that  the  telephone  acts  as  a  sort  of  spark-gap  for  the  oscillatory 
currents  of  radio-telegraphy,  resulting  in  the  breakdown  of  the  tele- 
phone. With  cheap  condensers  the  telephone  engineer  may  view  the 
installation  of  a  wireless  station  by  the  Admiralty  in  the  heart  of 
London  with  comparative  complacency  when  he  knows  that  the  5 
farads  which  according  to  Mr.  Mansbridge  can  be  manufactured  in  a 
year  would  suffice  to  protect  a  hundred  million  telephone  circuits  from 
this  latest  and  most  insidious  enemy,  as  a  condenser  of  only  0*05  micro- 
farads put  across  the  circuit  is  found  to  prevent  sparking.  It  is  pos- 
sible even  that  the  capacity  of  the  leads  will  prove  to  give  sufficient 
protection. 

G.  L.  Addenbrooke  {communicated) :  Some  recent  work  of  mine 
on  the  behaviour  of  dielectrics  under  high  alternating  stresses  bears  on 
points  dealt  with  in  Mr.  Mansbridge's  interesting  paper. 

For  convenience  of  experiment  some  of  my  work  has  been  done 
with  condensers  having  tinfoil  electrodes,  and  I  have  come  across  and 
employed  the  interesting  self -sealing  property  to  which  Mr.  Mansbridge 
alludes.  It  was  convenient  chiefly  because  in  breaking  down  insulation 
its  use  prevented  such  serious  arcs  as  when  solid  metal  plates  are  em- 
ployed. Mr.  Mansbridge  is  much  to  be  congratulated  on  his  practical 
application  of  this  property. 

Mr.  Mansbridge's  work  does  not  appear  to  have  led  him,  so  far, 
seriously  to  consider  the  losses  in  the  dielectric  when  submitted  to 
alternating  pressures  over  considerable  periods  and  the  heating  which 
then  occurs,  which,  as  well  as  the  cost  of  manufacture,  has  been  the 
chief  deterrent  to  the  use  of  condensers  hitherto  in  connection  with 
the  transmission  and  use  of  alternating  currents  for  power  supply  ;  but 
an  intelligent  commencement  of  manufacture  having  been  made,  we 
may  undoubtedly  look  for  developments  in  this  direction.    It  will, 
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however,  be  a  condition  that  such  condensers  must  have  small  dielectric   iir.  Adden- 
losses.  ^'^^' 

For  some  time  I  have  been  impressed  with  the  value  of  measuring 
the  losses  in  dielectrics,  not  only  for  their  importance  in  themselves, 
but  because  so  much  other  information  regarding  the  behaviour  of 
the  dielectric  under  different  conditions  can  be  obtained  in  this  way. 
The  initial  difficulty  has  been,  however,  to  6nd  a  satisfactory  way  of 
measuring  these  leases,  as  has  already  been  mentioned.  I  have 
accordingly  devoted  a  good  deal  of  time  to  working  out  a  method  of 
measurement  applicable  to  small  capacities  or  short  lengths  of  cable. 
As  a  result  I  am  glad  to  say  that  by  the  use  of  the  electrostatic  watt- 
meter which  I  brought  out  some  time  since,  with  certain  modifications, 
it  is  possible  to  measure  the  losses  in  capacities  as  small  as  loVnth.  of  a 
microfarad  and  at  any  voltage  which  may  be  required  from,  say,  500 
volts  upwards  and  at  very  low  power  factors.  With  this  apparatus  I 
have  been  able  to  secure  some  interesting  results  which  I  hope 
to  make  public  shortly.  One  or  two  points,  however,  may  be 
mentioned.  There  arc,  as  has  already  been  hinted  in  the  discussion, 
great  differences  in  the  losses  which  occur  in  condensers  and  cables, 
depending  on  their  construction.  For  instance,  in  a  paper  condenser 
kindly  lent  to  me  by  Dr.  Muirhead  the  loss  is  as  low  as  j  of  i  per  cent 
of  the  apparent  loss,  which  means  a  loss  of  about  3*5  watts  in  a  i- 
microfarad  condenser  submitted  to  an  alternating  current  of  83  periods 
and  1000  volts.  This  is  the  best  result  I  have  come  across  so  far,  but 
in  most  cases  the  losses  are  much  larger  and  with  bad  construction 
may  amount  to  30  per  cent  to  40  per  cent.  It  must  be  borne  in  mind 
also  that  the  charge  of  the  condenser  depends  on  the  shape  of  the  alter- 
nating wave,  and  with  a  high  peak  the  current  flowing  in  and  out  of 
the  condenser  is  larger  than  would  be  deduced  from  the  voltmeter 
reading  which  reads  the  root  of  mean  square  of  the  volts.  Conse- 
quently the  capacity  appears  higher.  In  fact,  a  measurement  of  the 
current  flowing  into  a  conden^^r  of  a  known  capacity  at  a  certain 
voltage  as  measured  by  the  voltmeter  may  be  used  as  a  rough  indication 
of  the  shape  of  the  alternating  wave.  It  may  be  that  some  of  the 
discrepancies  in  Mr.  Cohen's  results  can  be  accounted  for  in  this  way. 

Mr.  J.  W.  Rfxord  (communicaUd) :  I  am  inclined  to  take  exception  Mr.  Record, 
to  the  word  *' foiled  paper,"  which  Mr.  Mansbridge  uses  throughout  his 
paper  to  distinguish  the  new  type  from  those  containing  tinfoil  plates. 
The  word  **  foiled  "  is  not  sufficiently  comprehensive,  and  is  likely  to 
cause  confuhion,  and  as  the  paper  is  actually  painted,  or  coated  with  a 
metallic  film,  the  word  "  coated  "  paper  would  be  more  applicable  for 
the  metallic  painted  type  and  "tinfoil"  condensers  for  the  foil  plate 
pattern.  * 

Condensers  with  coated  plates  arc  to  be  recommended  for  the  ease 
with  which  they  can  be  wound,  and  for  the  reduction  in  the  weight  of 
material.  I  am  not,  however,  in  entire  agreement  with  Mr.  Mani>bridge 
regarding  the  pressure  to  be  applied  to  a  particular  plate.  With  a  tinfoil 
condenser  the  foil,  being  laid  on  separately,  cannot  be  in  such  perfect 
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Mr,  Record,  cohesion  with  the  dielectric  as  is  the  case  with  the  coated  paper,  there- 
fore an  increase  of  pressure  in  the  former  will  have  far  more  effect  than 
in  the  latter.  Mr.  Mansbridge  prefers  to  leave  the  pressure  applied  to 
a  plate  to  the  discretion  of  the  operator,  rather  than  to  work  to  gauges. 
Personally  1  prefer  to  eliminate  the  human  element  as  far  as  possible, 
and  from  the  above  considerations  it  will  be  seen  that  if  a  small 
variation  in  pressure  does  result,  the  capacity  will  not  be  materially 
affected.  Moreover  when  working  to  gauges  a  far  lower  rated  operator 
can  be  employed  on  the  work. 

I  have  measured  the  resistance  of  a  2-microfarad  condenser  of  the 
"coated"  type,  containing  50  ft.  per  plate  3 J  in.  wide,  and  find  it  to 
be  about  90  ohms.  A  similar  length  of  "  tinfoil "  paper  has  a  resist- 
ance of  375  ohms.  This  question  of  resistance  is  of  great  importance 
when  the  condensers  are  required  for  the  suppression  of  sparks  on 
high-speed  tremblers,  such  as  induction  coils,  and  1  have  found  that  a 
coated  paper  condenser  must  either  have  several  contacts  on  each 
plate  for  reducing  its  resistance,  or  else  a  condenser  of  larger  capacity 
than  would  be  necessary  in  the  tinfoil  type  must  be  used.  This  brings 
us  to  a  point  of  vital  importance,  both  with  regard  to  the  testing  and 
specifying  of  condensers.  Evidently  the  National  Telephone  Company 
are  alive  to  this  fact,  as  their  latest  specification  provides  for  a  test 
approaching  working  conditions. 

The  continuity  of  a  coated  condenser  may  be  impaired  through 
imperfect  painting  or  creases  at  the  folds,  and  the  test  employed  should 
thoroughly  search  for  these  faults.  This  cannot  be  done  with  a 
continuous  current  test,  for  provided  the  circuit  of  the  plate  is  not 
altogether  broken  the  condenser  will  receive  its  full  charge. 

By  far  the  most  satisfactory  means  of  measuring  capacity  known  to 
me  has  been  devised  by  Dr.  Sumpner,  and  is  described  in  a  paper 
by  Dr.  Sumpner  and  myself,  recently  read  before  the  Institution.* 

Comparing  the  condenser  current  during  test  by  the  National 
Telephone  Company's  method  with  the  alternating-durrent  voltmeter 
method,  referred  to  in  that  paper,  and  neglecting  the  resistance  of  the 
plate,  we  have — 

C  =E  />  *  =  0*0503  ampere 

in  the  former,  and  01 25  ampere  in  the  latter  case,  or  2^  times  as  much 
(100  volts  and  100  no). 

The  alternating  current  voltmeter  method  enables  a  far  more 
searching  voltage  to  be  applied  during  the  test  and  a  frequency  that 
can  be  obtained  without  ordering  a  special  alternator,  and  gives  a 
current  that  will  effectually  burn  out  weak  portions  of  the  plate  due 
to  creases  and  other  causes. 

If  the  condenser  is  leaky,  whether  intentionally  or  not,  true  capacity 
is  still  registered  on  the  instrument,  because  the  leakage  current, 
being  in  phase  with  the  voltage,  is  nearly  90°  out  of  phase  with  the 

•  journal  of  the  Instiiuiion  of  Electrical  Engineers,  vol.  41,  p.  327,  1908. 
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moving  coil  current,  and  can  have  no  effect  on  the  deflection  of  the  Mr.  Record, 
pointer.    The  method  is  one  of  comparison  with  a  standard  condenser, 
and  the  formula  is  similar  to  the  ballistic  galvanometer  formula  and 
is  explained  fully  in  the  paper  referred  to  above. 

The  tests  below  were  made  on  some  2-microfarad  coated  paper 
condensers.  It  is  noticeable  that  in  all  cases  the  alternating-current 
voltmeter  method  shows  a  lower  capacity  than  the  baUistic  galvano- 
meter test. 


'    Coodenier  No. 

InraUtion  RcsltUnce 
In  Meghoma. 

300 
400 
300 
300 
300 
400 

baUistic                   Alternating  Corrent. 
Galvanoraeter.              100  Voll«,  50  Cycles. 

3 
4 

I 

I 

10 

2-00                                  I -080 

roo                         i'86o 
1-85                         1-820 

215                                  2-IOO 
200                                  1*975 
2*30               j                  2*280 
200                '                  1-950 
200                                  20d0 
2*00                                  1*900 
1*80                                  1*770 

Mr.  G.  F.  MANSBRiDGE(m  refly):  I  have  first  to  thank  the  various 
soeakers  for  their  interestincr  comments  on  the  oaner. 

Mr. 

Uansbridge. 

Mr.  Whalley  raised  the  point  as  to  the  use  of  these  cheap  condensers 
for  improving  the  power  factor  on  distributing  networks  containing 
many  small  house  transformers.  I  think  that  is  a  very  happy  sugges- 
tion, and  I  presume  it  is  intended  that  the  consumer  who  pays  for  the 
transformer  should  pay  for  the  condenser.  Then  the  question  was 
raised  as  to  whether  the  formula  on  page  559  is  applicable  to  electrifi- 
cation. The  answer  is  that  it  deals  with  megohms  only.  The  variation 
of  electrification  with  temperature  is  a  problem  which  up  to  the  present 
I  have  not  had  an  opportunity  of  minutely  scrutinising.  These  formula 
are  based  upon  average  results  obtained  with  first-class  manufacture, 
but  the  Post  Office  specification  figures  allow  a  considerable  margin 
below. 

With  regard  to  Mr.  Cohen's  remarks,  I  had  intended  to  deal  with 
the  alternating-current  problem  in  my  paper,  but  Mr.  Cohen  was  kind 
enough  to  say  some  time  ago  that  he  intended  to  discuss  the  paper, 
and  knowing  how  much  attention  he  had  given  to  this  side  of  the 
subject,  I  piu-posely  left  the  matter  open,  hoping  to  hear  from  Mr. 
Cohen  the  answer  to  the  question  he  has  now  raised.  At  the  Post 
Office  factory  we  have  tried  alternating  current  in  comparison  with 
direct  current,  and  although  it  seems  rather  like  an  advertisement,  I 
must  say  that  wc  have  found  that  our  condensers  are  so  good  that 
the  difference  t)etween  the  results  obtained  with  alternating  and  with 
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Mr.  direct  current  is  so  small  as  to  be  scarcely  measurable.     I  should  point 

out,  however,  that  our  conditions  are  somewhat  exceptional,  inasmuch 
as  we  make  practically  the  whole  of  our  condensers,  whereas  Mr.  Cohen 
has,  I  think,  to  deal  with  quite  a  number  of  manufacturers,  of  whom 
few,  if  any,  have  had  the  advantage  of  that  long  experience  of  condenser 
manufacture  which  has  fallen  to  the  lot  of  the  Post  Office  factory. 

With  regard  to  the  relative  advantages  of  alternating  and  continuous- 
current  tests  for  condensers,  I  should  like  to  clear  up  a  detail  upon 
which  there  may  be  some  misconception.  Mr.  Cohen  points  out  that  a 
defective  condenser  may  have  with  alternating  current  an  effective 
capacity  which  is  only  a  fraction  of  its  normal  capacitjr,  and  he  remarks 
that  this  defect  is  not  shown  up  by  the  discharge  capacity  and  insula- 
tion tests  as  taken  by  continuous  current.  This  statement  is  perfectly 
true  so  far  as  it  goes,  but  one  important  point  has,  I  fear,  been  over- 
looked, namely,  that  the  insulation  test  with  direct  current  as  ordinarily 
taken  gives  not  merely  a  measure  of  the  insulation,  but  a  measure  of 
the  electrification  as  well,  and  it  is  by  its  electrification  that  a  condenser 
shows  its  quality  even  more  than  by  its  insulation  qua  insulation. 

In  my  experience  the  defect  of  low  eflFective  capacity  with  alternat- 
ing currents  is  invariably  shown  up  under  the  direct-current  test  by  the 
failure  of  the  condenser  to  electrify  properly ;  that  is  to  say,  the  deflec- 
tion, instead  of  decreasing  in  proportion  to  the  square  root  of  the  time 
as  it  should  do,  will  decrease  to  a  much  less  extent,  or  will  indeed 
"  open  up  " — that  is,  will  increase  rather  than  decrease.  I  should  like, 
therefore,  to  emphasise  very  strongly  the  importance  of  the  electrifica- 
tion stipulation  in  a  condenser  specification. 

One  point  of  warning  with  respect  to  tests  with  alternating  current 
might  here  be  mentioned.  When  using  the  slide  wire,  telephone 
receiver,  arid  standard  condenser  referred  to  by  Mr.  Cohen,  it  may  be 
found  that  no  sharp  dead-point  is  obtainable  on  the  slide  wire.  The 
reason  is  fairly  obvious,  namely,  that  the  phase  relation  of  the  currents  in 
the  two  condensers  is  disturbed  by  one  having  a  higher  conductor 
resistance  than  the  other.  The  standard  condenser  is  usually  made 
from  sheets  of  tinfoil  bunched  together,  and  not  by  the  rolling  process ; 
consequently  the  joint  conductor  resistance  of  the  electrodes  is  ex- 
tremely small,  whereas  with  rolled  condensers,  particularly  those  of  the 
coated  paper  type,  the  resistance  of  the  strip  may  be  a  matter  of  several 
ohms. 

In  such  a  case  it  is  necessary  to  insert  a  resistance  in  the  standard 
condenser  circuit  before  a  good  balance  can  be  obtained,  but  the  most 
satisfactory  plan  is  carefully  to  standardise  a  rolled  condenser  and  then 
to  employ  the  latter  as  a  sub-standard.  By  this  means  it  is  easy  to  get 
a  dead  sharp  balancing  position. 

With  regard  to  the  variation  in  the  capacity  of  artificial  cables 
manufactured  from  coated  paper,  I  would  say  that  so  far  no  difficulty 
has  been  experienced  in  this  direction,  but  it  is  fair  to  say  that  the  first 
cables  so  made  aie  barely  three  years  old. 

With  respect  to  the  measurement  of  very  small  power  factors,  I 
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would  say  that  in  addition  to  the  pamphlet  referred  to  by  Dr.  Sumpner,  Mr. 
another  publication  from  the  same  office,  but  of  rather  later  date,  •'*°'*****C<^- 
written  by  Professor  Edward  B.  Rosa  and  entitled  "  Wattmeter  Methods 
of  Measuring  Power  expended  on  Condensers  and  Circuits  of  Low 
Power  Factor/'  is  of  considerable  interest  and  value  in  this  connection. 
Copies  of  this  pamphlet  bearing  the  serial  number  i8,  and  also  of  the 
one  by  Mr,  F.  W.  Grover,  numbered  64,  can  doubtless  be  obtained  on 
application  to  the  Bureau  of  Standards,  Washington,  D.C.  By  the 
courtesy  of  Professor  Rosa  I  have  had  the  privilege  of  examining  the 
apparatus  used  for  these  tests,  and  have  nothing  but  admiration  for 
the  beauty  of  the  methods  and  for  the  concordant  results  obtained. 

With  regard  to  Dr.  Thompson's  inquiry  as  to  what  happens  if  the 
coated  paper  is  put  through  the  break-down  machine  a  second  time,  I 
have  to  say  that  this  partly  depends  upon  the  voltage  employed.  If 
this  is  low,  say  50  or  100  volts,  there  is  practically  no  sparking  at  the 
second  time  of  asking,  but  if  higher  pressures  are  employed,  say  200 
volts  and  over,  the  strain  approaches  the  critical  point  of  breakdown  of 
the  normal  dielectric,  and  a  certain  amount  of  sparking  is  bound  to 
occur  each  time  that  the  paper  is  drawn  over  the  rollers.  I  have  not, 
however,  been  able  to  find  any  advantage  in  running  the  paper  through 
the  break-down  machine  more  than  once.  My  view  of  what  takes 
place  is  that  the  defects  which  are  burnt  out  the  first  time  are  the 
serious  faults  such  as  would  be  occasioned  by  the  tin  mud  penetrating 
wholly  or  partly  through  the  paper  at  a  pinhole  or  a  weak  place  in  the 
body  paper,  or  by  a  grain  of  metal,  large  as  compared  with  the  particles 
of  tin  powder,  being  driven  into  or  through  the  paper  in  burnishing. 

With  regard  to  the  uncalendered  paper  acting  as  a  coherer,  I  cannot 
say  for  certain,  but  I  am  extremely  doubtful,  whether  it  could  be  made 
to  act  in  the  way  suggested,  but  a  strip  of  calendered  paper,  which  has 
been  so  sharply  cre;ised  as  to  become  practically  a  non-conductor,  can 
be  made  to  act  as  a  coherer. 

With  respect  to  Mr.  Mordey's  remarks  concerning  the  Moscicki 
condenser,  some  results  on  the  lines  indicated  will  probably  be  made 
public  very  shortly,  as  I  understand  that  a  paper  on  the  subject  is  to  be 
submitted  to  the  Institution,  There  would  seem  to  be  a  good  deal  of 
truth  in  Mr.  Mordey's  suggestion  that  the  dielectric  loss  may  be  partly 
meclianical  and  may  be  due  to  the  oft-repeated  blows  on  the  dielectric. 
In  those  cases  where  the  layers  of  dielectric  have  not  been  solidly 
cemented  together  there  is  no  question  but  that  the  loss  is  partly 
mechanical,  as  the  condenser  can  be  heard  and  felt  to  be  in  vibration, 
and  if  the  current  is  of  high  frequency  a  loud  and  distinct  note  will  be 
produced  by  such  an  ill-made  condenser.  This  emphasises  the  neces- 
sity already  alluded  to  for  so  pressing  and  coohng  the  condensers  tliat 
sufficient  wax  is  retained  in  the  plate.  A  properly  constructed  con- 
dcnsiT  of  flat  form  if  sharply  struck  should  "ring"  like  a  piece  of  dry 
mahogany,  and  I  think  it  will  be  found  ttiat  the  dielectric  losses  in  such 
a  condenser,  other  things  being  equal,  will  be  markedly  less  than  in 
one  giving  a  dull,  lifeless  sound  when  struck. 


584  MANSBRIDGE:  THE   MANUFACT.  jrE  QjiM  OF     ilfarnh, 

Mr.  It  seems  doubtful,  however,  whether  the  whole  ot  .     j  sUbc  losses  can  be 

ilansbridgc.  accxjunted  for  by  the  "  blows  "  referred  to  by  Mr.  Mordey ;'  .^.^.^pdeed,  the 
word  seems  scarcely  applicable  in  the  case  of  a  well-made  conaeka^ 
in  which  the  dielectric  possesses  a  fair  amount  of  elasticity.  On  the 
other  hand,  I  cannot  agree  with  the  suggestion  made  later  in  the  dis- 
cussion that  the  whole  of  the  loss  is  due  to  the  resistance  of  the  metallic 
foils  or  coated  strips.  If,  as  suggested,  any  minute  arcing  occurs,  the 
e£Fect  must  necessarily  be  transient.  It  seems  to  me  that  if  the  dielectric 
is  regarded  from  the  point  of  view  of  a  transmitter  of  power  it  will  be 
only  reasonable  to  expect  some  loss  of  energy  in  the  transmission, 
especially  as  the  medium  has  but  little  mechanical  elasticity.  In  this 
connection  it  is  noteworthy  that  mica  and  glass  condensers  have,  as  a 
rule,  a  lower  dielectric  loss  than  paper  condensers,  and  these  substances 
have,  of  course,  a  much  higher  coefficient  of  elasticity  than  has  paper. 
Further,  much  higher  dielectric  losses  are  shown  by  condensers 
impregnated  with  oil  than  by  those  in  which  paraffin  wax  is  used,  this 
being  no  doubt  due  to  the  fact  that  the  liquid  dielectric  can  move  under 
the  influence  of  stresses  set  up  electrostatically. 

I  should  point  out  that  Mr.  Mordey's  figure  of  13  lbs.  per  square  foot 
requires  revision,  inasmuch  as  the  assumed  thickness  of  the  dielectric 
o'ooi  in.  is  too  low.  The  minimum  with  the  sample  under  test  is  about 
0*0016  in.,  and  this  reduces  the  mechanical  pressure  on  the  dielectric 
considerably  below  the  figures  quoted. 

Dr.  Sumpner's  remarks  concerning  the  behaviour  of  condensers  of 
the  coated  paper  type  in  connection  with  measuring  instruments  for 
"heavy"  electrical  engineering  are  of  particular  interest  as  breaking 
comparatively  fresh  ground,  and  I  am  glad  to  have  Dr.  Sumpner's 
testimony  to  the  satisfactory  results  which  he  has  obtained  in  his 
special  field  from  this  type  of  condenser.  I  quite  agree  that  the 
Sumpner  instruments  are  more  convenient  for  capacity  measurement 
than  the  less  robust  apparatus  in  use  by  the  National  Telephone  Com- 
pany, but  both  methods  have  their  special  advantages. 

Mr.  Stubbs  raises  a  point  which  I  had  not  perhaps  made  sufficiently 
clear,  and  I  am  glad  to  have  this  opportunity  of  elucidating  it  In 
referring  to  "pinholes"  in  the  foiled  paper  I  had  in  mind  holes 
existing  in  the  stock  prior  to  its  being  coated.  During  the  coating 
process  these  would  become  filled  with  the  metallic  powder  and  would 
consequently  cause  trouble  unless  removed  by  the  "breakdown" 
process.  Besides  these  metal-filled  perforations  there  are,  however, 
numerous  other  defects  or  weak  places  which  are  literally  "broken 
down"  by  the  electrical  pressure.  With  the  old  form  of  condenser 
breakdowns  after  manufacture  were  due  in  most  cases  to  metallic 
particles  or  grit  penetrating  the  dielectric.  Furnace  ash  and  abraded 
metal  from  machinery  were  most  often  the  proximate  cause. 

Respecting  the  melting-point  test,  I  should  explain  that  the  method 
indicated  in  Fig.  5  takes  only  a  few  minutes — ^ten  at  the  outside— to 
carry  out,  since  there  is  no  necessity  to  proceed  beyond  the  point 
where  the  temperature  becomes  stationary.    The  method  in  question 
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L^ .   is  that  adopted  by  most  paraffin  re6ncrs ;  that  quoted  by  Mr.  Stubbs,   Mr. 

P"     though  regularly  used  in  laboratories,  was  found  to  take  more  time  and      "»*'*<*<«♦ 
to  be  less  suitable  for  workshop  use. 

The  accuracy  of  the  formula  for  correcting  insulation  to  standard 
temperature  is  being  inferentially  checked  daily,  and  there  seems  to 
be  no  reason  to  doubt  its  accuracy. 

Mr.  Record's  criticism  of  the  name  ''foiled  paper"  is  justi6able. 
The  name  was,  however,  adopted  because  it  was  the  recognised  trade 
description  of  an  existing  article. 

So  f.ir  as  the  effective  capacity  of  a  condenser  with  alternating 
current  is  concerned,  I  find  that  for  ordinary  frequencies  the  conductor 
resistance  in  the  condenser  itself  has  very  little  effect  Properly  made 
condensers  of  the  coated  paper  type  have  been  tested  at  frequencies 
up  to  2,ooo  periods  without  revealing  any  appreciable  difference  in 
capacity  as  between  alternating  and  continuous  currents.  To  produce 
the  best  results,  however,  the  manufacturing  details  refen-ed  to  in  the 
paper  must  not  t>e  overlooked,  particularly  with  reference  to  the  pre- 
vention of  creases.  Paradoxical  as  it  may  seem,  it  is  a  fact  that  rolled 
condensers  of  this  type  can,  with  reasonable  care  in  manufacture,  be 
made  so  that  even  after  pressing  they  contain  nothing  in  the  nature  of 
sharp  creases. 

On  the  motion  of  the  President  a  vote  of  thanks  was  unanimously 
passed  to  Mr.  Mansbridge  for  his  valuable  paper. 
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Proceedings  of  the  Four  Hundred  and  Seventy-ninth 
Ordinary  General  Meeting  of  the  Institution  of 
Electrical  Engineers,  held  in  the  rooms  of  the 
Royal  Society  of  Arts,  John  Street,  Adelphi,  on 
Thursday  evening,  May  14,  1908 — Mr.  W,  H. 
Patchell,  Member  of  Council,  in  the  chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  May  7,  1908, 
were  taken  as  read,  and  confirmed. 

The  list  of  candidates  for  election  into  the  Institution  was  taken  as 
read,  and  it  was  ordered  that  it  should  be  suspended  in  the  Library. 

The  following  list  of  transfers  was  published  as  having  been 
approved  by  the  Council : — 

TRANSFERS. 

From  the  class  of  Associated  Members  to  that  of  Members — 
E.  McGregor  Duncan. 

From  the  class  of  Associates  to  that  of  Associate  Members — 
Arthur  Blok.  |  Frank  Kieffer. 

Archibald  V.  Mason. 

From  the  class  of  Students  to  that  of  Associate  Members — 

James  D.  Butcher.  l  Halsall  Owen. 

Joseph  Meech.  |  Thomas  H.  Vitty. 

Messrs.  S.  H.  Andrews  and  W.  H.  Molesworth  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members,  and,  at  the 
end  of  the  meeting,  the  following  were  declared  to  have  been  duly 
elected  : — 

ELECTIONS. 

As  Associate  Members, 


William  Nisbet  Cochrane. 
Pratt  Cordiner. 
Percy  Leonard  Davis. 
Herbert  Withers  Edwards. 


Herbert  Alexander  Fleet. 
John  Alexander  Eraser. 
Ernest  Henry  Rhodes. 
William  Vincent  Waite. 
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As  Students. 

Henry  Richmond  Climic,  B.Sc.    t      William  Thomas  Magrath. 
Indra  Krishna  Kaul.  I      William  Pate,  B.Sc. 

Donations  to  the  Library  were  announced  as  having  been  received 
since  the  last  meeting  from  Messrs.  Charles  Bright,  E.  Guarini,  M.  Kohl, 
Longmans  Green  &  Co.,  the  National  Physical  Laboratory,  and  W.  H. 
Patchell,  to  all  of  whom  the  thanks  of  the  meeting  were  unanimously 
accorded. 

The  Chairman  :  Gentlemen, — The  President  has  asked  me  to  apolo- 
gise for  his  absence,  as  he  is  representing  the  Institution  elsewhere 
to-night. 

The  following  paper  was  then  read  and  discussed  : — 
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SWITCHGEAR    CONTROL    APPARATUS    AND    RK- 
LAYS  FOR  ALTERNATING-CURRENT  CIRCUITS. 

By  Charles  C.  Garrard,  Ph.D.,  Member. 

(Paper  received  January  28,  and  read  in  London  on  May  14,  1908.) 

1.  Iniroduclion, — The  installation  of  control  relays  on  high-tension 
alternating-current  circuits  has  become  standard  practice,  and  is  likely 
so  to  continue.  The  correct  design  and  lay-out  of  such  relays  is  of  the 
highest  importance.  On  their  proper  action  a  large  part  of  the  success 
of  the  system  depends.  Recognising  this,  it  is  somewhat  remarkable 
that  many  systems  are  in  operation  to-day  designed  on  wholly  erroneous 
lines.  This  is  due,  no  doubt,  in  part,  to  the  fact  that  the  relay  control 
apparatus  has  not  been  deemed  worthy  of  great  attention  in  com- 
parison with,  say,  the  performance  of  the  generators  and  prime  movers. 
Another  reason  is  that  of  apparent  economy.  The  object  of  this  paper 
is,  first,  to  deal  with  a  number  of  such  instances  which  have  come 
under  my  notice,  and  secondly,  to  examine  some  other  systems  of 
control  working  at  present  in  use  or  proposed  to  be  put  into 
application. 

2.  Polyphase  Maximum  Time  Element  Relays. — A  considerable  num- 
ber of  such  relays  have  been  installed  in  various  supply  stations.  They 
consist  of  a  polyphase-wound  relay  having  a  single  moving  element 
which  moves  under  the  action  of  the  currents  in  two  or  three  of  the 
phases.  We  will  consider  such  a  relay  in  use  on  a  3-phase  4-wire 
circuit,  in  which  case  it  would  have  three  windings  energised  by  each 
of  the  three  phases.  Let  us  suppose  it  to  be  set  to  operate  after,  say, 
30 seconds  continued  overload  at  150  percent,  of  full  load.  This  means 
that  after  150  per  cent,  of  full  load  has  flowed  in  each  phase  for  30 
seconds  the  relay  operates.  It  is  obvious,  of  course,  that  each  phase 
contributes  under  these  conditions  one-third  of  the  operating  torque 
in  the  relay.    If  T  be  the  operating  torque,  we  may  set — 


T  =  K(ic.  +  U+J4 


where  K  is  a  constant  and  c,  =  c,  =  fa  =  c  =  full -load  phase  current. 
Suppose  now  that  instead  of  the  overload  occurring  on  each  of  the 
three  phases  simultaneously,  it  only  took  place  in  one  phase,  as  is  quite 
possible  on  a  4-wire  system,  due  to  the  breakdown  of  one  phase  to 
earthed  neutral.  It  is  clear  that  in  order  to  operate  the  relay  the  over- 
load on  the  single  overloaded  phase  must  be  much  greater  than  before. 
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If  the  cnrrent  flowing  in  the  other  two  phases  be  the  normal  full-load 
cttrrenty  we  get — 

K(C.  +  c,  +  0=JK(c.  +  c,  +  cJ 

This  is  to  say,  the  current  in  the  single  overloaded  phase  will  have  to 
r'.se  to  two  and  a  half  times  the  normal  full-load  current  before  the  relay 
will  operate.  Of  course,  these  equations  are  only  illustrative,  as  the 
law  connecting  operating  torque  and  current  in  a  relay  is  generally 
more  complex  than  a  simple  proportion.  They,  however,  illustrate  the 
undoubted  fact  that  with  polyphase  maximum  relays  very  large  and 
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Fig.  I. — Calibration  Curve  of  Solenoid  Relay. 


dangerous  overloads  can  continue  to  flow  in  any  one  phase  without 
causing  the  relay  to  operate  and  to  open  the  circuit.  Polyphase  relays 
should  never  be  used,  but  always  single-phase  relays  connected  entirely 
separately  on  two  or  three  of  the  phases  on  three  or  four  wire  systems 
respectively. 

3.  Polyphase  Reverse  Relays, — Exactly  the  same  objection  applies  to 
the  use  of  these  as  to  the  use  of  polyphase  maximum  relays.  If,  for 
example,  the  reverse  relay  be  set  for  15  per  cent  reversal  on  any  one 
phase,  it  is  clear  that  if  the  reversal  occurs  on  all  three  phases  at  once — 
as,  for  example,  when  a  bad  attempt  at  synchronising  is  made— a 
reversal  of  5  per  cent,  is  sufficient  to  operate  the  relay,  which  would  l>e 
too  delicate  a  setting  for  the  case  in  question.  On  the  other  hand,  if  a 
reversal  of  15  per  cent,  in  all  phases  at  once  is  required  to  operate  the 
relay,  a  very  large  reversal  in  any  one  phase  can  take  place  before 
the  drcuit  be  open-drcuited.    In  fact,  under  some  conditions  with  a 
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reversal  in  one  phase  only  the  tendency  towards  operation  ia  the 
relay  due  to  this  reversal  is  neutralised  by  the  increased  forces  in 
the  opposite  direction  due  to  the  unreversed  phases,  and  the  relay 
quite  fails  in  its  action.  The  only  perfect  solution  is  to  instal  a  separate 
single-phase  relay  on  each  phase,  either  two  or  three,  as  the  case 
may  be. 

4.  Solenoid  Relays, — A  considerable  number  of  maximum  time-limit 
relays,  operating  on  the  solenoid  principle,  are  in  use  at  the  present 
moment.  They  consist  of  a  solenoid  having  a  movable  iron  plunger, 
which  is  sucked  up  when  the  current  in  the  solenoid  exceeds  a  certain 
value.  The  iron  plunger  is  attached  to  a  dashpot  or  air-bellows  which 
retards  the  travel  of  the  plunger,  the  amount  of  the  retardation  being 
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Fig.  2. 

varied  by  means  of  a  small  valve  which  controls  the  clearance  in  the 
dashpot,  or  the  rate  at  which  air  can  pass  in  or  out  of  the  bellows,  etc. 
Thus  the  plunger  is  caused  to  take  a  certain  time  to  travel  to  its  top 
position.  When  the  top  position  is  reached  contact  is  made  in  the 
trip-coil  circuit  and  the  controlled  circuit  is  opened.  A  typical  relay, 
made  by  a  well-known  firm,  operating  upon  this  principle  was  experi- 
mented upon,  and  its  calibration  curve  is  shown  in  Fig.  i.  The  coil  in 
this  relay  consists  of  about  325  turns  of  wire.  Some  measurements 
made  on  this  instrument  are  represented  in  Fig.  2.  The  current 
through  the  coil  was  maintained  constant  at  10  amperes,  50  (\J  per 
second,  and  whilst  the  position  of  the  plunger  in  the  solenoid  was 
varied  the  volt-drop  across  the  terminals  of  the  coil  was  measured. 
It  will  be  noted  that  as  the  plunger  is  raised  within  the  solenoid 
the  volt-drop  across  the  same  is  increased  largely,  and,  of  course, 
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the  volt-amperc  consumption  of  the  relay  goes  up.  From  these 
measurements  and  the  known  ohmic  resistance  of  the  coil  it  is  pos- 
sible to  calculate  the  coefficient  of  self-induction  in  henrys  L,  and 
from  this,  and  the  number  of  turns  S,  the  magnetic  reluctance  of  the 
circuit  can  be  calculated  from  the  formula — 

Reluctance  =  -^ ,  • 

The  variation  of  the  magnetic  reluctance  of  the  relay  with  alteration 
of  the  position  of  the  plunger  is  given  in  curve  B  of  Fig.  2.  As  the 
plunger  goes  up  the  magnetic  reluctance  goes  down.  Now,  with  a 
constant  magnetising  force  in  the  relay  the  attractive  force  on  the 
plunger  varies  inversely  as  the  square  of  the  reluctince.  It  follows 
that  if,  due  to  the  passage  of  a  certain  current  through  the  relay,  the 
plunger  is  caused  to  travel  upwards,  the  higher  the  plunger  goes 
the  less  the  current  necessary  to  keep  it  in  its  new  position.  Thus  the 
current  in  the  controlled  circuit  can  fall  again  to  its  normal  value,  but 
the  plunger  will  not  fall,  but  remain  *' floating"  for  an  indefinitely  long 
period  near  its  top  position.  If,  now,  the  current  again  increases,  the 
plunger  will  complete  its  upward  journey,  but  without  any  time  element 
whatever,  this  t>eing  due  to  the  fact  that  the  first  small  movement  in  a 
dashpot  is  unretarded,  no  matter  from  what  position  in  its  travel  the 
plunger  starts. 

Experiments  made  to  test  this  theory  confirmed  it  in  every  particular. 
It  was  found  that  if  the  plunger  were  allowed  to  travel  upwards,  due  to 
the  passage  of  an  excess  current,  and  the  current  was  reduced  to  its  full- 
load  value  before  contact  had  been  made  in  the  trip-coil  circuit,  the 
plunger  did  not  fall,  but  remained  floating  near  its  top  position.  The 
next  time  the  overload  came  on,  the  relay  closed  the  trip-coil  circuit 
without  any  time  element  whatever.  This  test  is  in  exact  parallel  with 
actual  practical  conditions.  The  figures  of  an  actual  test  are  as  follows  : 
The  relay  was  adjusted  so  that  contact  was  made  between  the  trip 
contacts  when  9  amperes  (that  is,  the  starting  current)  flowed  through 
the  winding.  On  reducing  the  current,  however,  the  plunger  did  not 
at  once  fall.  At  7^  amperes  the  trip  circuit  was  just  broken,  but  not 
until  5*2  amperes  was  reached  did  the  plunger  fall  l>ack  to  its  tx)ttom 
position.  Now,  52  amperes  in  the  relay  would  correspond  to  about 
full-load  current  in  the  primary  circuit.  Translated  into  practical  con- 
ditions, these  results  mean  as  follows :  At  time  of  full  load  a  short 
comes  on  the  system  which  is  intermittent  in  nature.  The  current 
increases  sufficiently  to  pull  up  the  plunger  of  the  solenoid  relay,  but 
not  for  a  sufficient  time  to  close  the  trip  contacts.  The  short  goes  off, 
but  the  full  load  remains  flowing  in  the  circuit.  Consequently  the 
plunger  does  not  fail,  but  remains  floating  near  its  top  position,  and 
the  next  time  the  short  comes  on  the  relay  operates  without  any  time 
clement  whatever,  and  the  whole  object  of  the  apparatus  is  vitiated. 
These  results  show  pretty  conclusively  that  the  dji^pot  solenoid  type 
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of  maximum  relay  is  not  to  be  relied  upon  for  dealing  with  intermittent 
overloads  or  shorts. 

5.  Fuse-shunted  Trip  Coils, — A  method  sometimes  adopted  to  impart  a 
time  element  characteristic  to  an  ordinary  circuit  breaker  is  to  shunt 
the  trip  coil  with  a  fuse  (Fig.  3).  Normally  the  secondary  current 
of  the  current  transformer  flows  through  the  fuse  and  not  through  the 
trip  coil,  until  the  fuse  blows  and  the  current  is  diverted  through 
the  coil.  The  time  taken  for  the  fuse  to  blow  gives  the  time  element. 
It  is  only  possible  to  use  this  scheme  for  alternating  currents,  as  with 
continuous  currents  the  whole  of  the  current  passes  through  the  trip 
coil,  and  a  sufficient  volt-drop  to  blow  the  fuse  cannot  be  obtained. 
The  chief  advantage  of  this  scheme  is  cheapness.  Its  efficiency  may 
be  judged  from  the  following  considerations.  The  two  essential 
functions  of  a  time-element  device  are  as  follows  : — 

(i)  The  time  lag  should  prevent  the  circuit  breaker  opening  with 
every  momentarily  abnormal  rush  of  current. 


C.T.  r. 


Fig.  3. 


(2)  A  discriminating  action  should  be  obtainable — that  is,  if  two 
time-element  circuit  breakers  are  in  series,  it  should  be  possible  to 
adjust  one  to  open  before  the  other. 

The  second  function  is  vital  in  all  important  circuits.  As  an 
example,  consider  a  high-tension  feeder  going  to  a  sub-station  in 
which  motor-generators  are  working.  Maximum  time-element  circuit 
breakers  would  be  installed  in  the  generating  station  on  the  outgoing 
feeders,  and  also  in  the  sub-station  between  the  busbars  and  the 
motors.  In  the  event  of  a  dangerous  overload  on  a  machine,  it  is 
necessary  that  its  circuit  breaker  should  operate  before  that  installed 
on  the  feeder  at  the  generating  station.  If  this  happens  the  faulty 
machine  is  cut  out  satisfactorily  and  a  disturbance  of  the  supply  does 
not  result.  The  point  to  be  ascertained  is  how  far  this  discriminating 
action  can  be  attained.  The  following  experiments  were  made  to 
elucidate  this  : — 

The  trip  coil  used  was  a  standard  lo-ampere  one,  having  a  volt- 
drop  of  2*8  volts  at  50  (\J,  the  plunger  being  set  so  that  it  was  pulled 
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up  with  lo  amperes  through  the  coiL  In  order  to  approximate  to 
^M^orking  conditions,  the  current  through  the  coil  and  fuse  in  parallel 
^*as  kept  constant  at  8  amperes  and  then  suddenly  increased  by 
definite  amounts,  and  the  time  noted  which  elapsed  before  the  trip 
coil  operated.  Curves  (Fig.  4)  give  the  results  obtained  by  varying  the 
thickness  of  the  copper  fuse  wire.  It  will  be  seen  that  altering  the 
thickness  of  the  wire  not  only  alters  the  current  at  which  the  combina- 
tion works,  but  also  affects  the  time  element  enormously.  Thus 
independent  adjustments  of  the  time  and  the  current  calibrations 
are  not  feasible — at  least,  if  fuse  wires  of  constant  length  and  of  the 
same  material  are  used. 
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Fig.  4* 

The  resistance  of  2  in.  of  No.  30  S.W.G.  copper  wire  is  0*01 1  ohms 
at  60°  Fahr. 

As  the  impedance  of  the  trip  coil  is  0-28  ohms,  it  will  be  seen  that 
practically  all  the  current  flows  through  the  fuse.  It  follows  that 
regulation  of  the  current  at  which  the  arrangement  works  can  only 
be  effected  by  altering  the  fuse  wire,  and  simply  raising  or  lowering 
the  plunger  in  the  solenoid  will  have  no  effect. 

A  characteristic  of  all  the  cur\*es  of  Fig.  4  is  that  on  large  over- 
loads the  times  taken  all  become  practically  zero.  That  is  to  say,  on 
heavy  overloads  any  time  discrimmation  disappears  altogether. 

It  might  be  urged  that  as  putting  in  a  thicker  wire  both  increases 
the  time   element  and  also  the   current  at  which  the  combination 
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works  a  solution  of  the  problem  may  be  obtained.  It  must  be 
remembered,  however,  that  the  current  through  the  fuse  is  the 
secondary  current  of  a  current  transformer,  and,  although  the  primary 
current  in  the  generating  station  may  be  larger  than  the  primar>' 
current  in  the  sub-station,  yet,  the  secondary  currents  are  generally 
equal,  the  ratios  of  the  current  transformers  being  varied  according  to 
the  values  of  the  primary  current.  For  important  distributions,  there- 
fore, the  fuse-shunted  trip  coil  is  not  suitable.  It  may,  however,  find 
useful  application  on  motor-control  panels  where  ordinary  fuses  are  not 
desired,  and  where  a  discriminating  action  apart  from  the  prevention  of 
the  machine  being  cut  ofiF  due  to  every  temporary  overload  is  not 
wanted. 


CT 


Fig.  5. — Faulty  Relay  Connections  on  3-Phase  3-Wire  Circuit. 


6.  Maximum  Relays  connected  on  the  "Resultant  Principle,** — 
(a)  3-Phase  3- Wire  Systems. 

For  3-phase  3 -wire  systems  two  separate  single-pole  relays  are 
theoretically  necessary  to  afford  complete  protection.  When  what 
may  be  designated  the  "  resultant "  scheme  of  connections  has 
been  used  a  single  i -phase  relay  only  has  been  installed,  but  in 
conjunction  with  two  current  transformers,  so  connected  that  the 
current  in  the  relay  is  the  vectorial  resultant  of  the  current  in 
each  of  the  phases  in  which  the  current  transformers  are  situated 
(Fig.  5).  A  superficial  examination  would  lead  one  to  think  that 
as  the  relay  current  is  the  resultant  of  the  currents  in  the  two 
phases,  an  overload  in  either  will  cause  the  relay  to  operate  and 
thus  afford  complete  protection.  A  number  of  supply  stations  in  this 
country  have  protective  apparatus  installed  in  this  manner.  On  work- 
ing out  the  currents  in  the  relay  vectorially,  however,  it  will  be  found 
that  the  protection  afforded  by  this  method  is  doubtful.  We  will 
assume  the  normal  full-load  secondary  current  of  the  transformers  to 
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be  lo  amperes,  and  that  the  relay  is  set  to  operate  at  200  per  cent, 
of  foIMoad  current ;  that  is,  it  will  operate  when  34*6  amperes  flow 
through  it.  If  now  the  overload  occur  on  both  the  phases  connected 
to  the  relay,  and  the  phase  displacement  in  each  phase  is  the  same, 
then  the  circuit  is  opened  when  20  amperes  secondary  current  flows  in 
each  phase.  It  is  quite  likely,  however,  that  the  overload  will  only 
occur  in  one  of  the  phases,  and  in  this  case  the  phase  displacement 
will  most  probably  not  be  the  same  in  each  phase.  If  the  angle  of  lag 
in  each  phase  is  equal,  and  only  one  of  them  is  overloaded,  it  will 
require  282  per  cent,  full-load  current  in  the  single  overloaded  phase 
to  cause  operation.  Should,  however,  the  current  in  the  overloaded 
phase  lag  60°  more  than  the  other  phase,  which  is  quite  possible, 
then  the  current  in  the  overloaded  phase  would  have  to  increase  to 
386  per  cent,  of  full-load  current  before  the  circuit  is  broken.  That 
is  to  say,  with  this  scheme  of  connections  and  the  circuit  breaker  set  so 
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that  it  comes  out  with  the  ordinary  test  at  100  per  cent,  overload, 
one  of  the  phases,  and  of  course  the  unprotected  phase,  could  be 
overloaded  to  the  extent  of  200  per  cent,  or  300  per  cent,  overload 
without  the  circuit  being  opened.  It  will  be  agreed  that  such  a 
scheme  of  protection  is  somewhat  illusory. 

The  figures  given  above  can  be  obtained  from  a  simple  clock 
diagram  (Fig.  6).  The  three  full-load  normal  currents  are  OA,  OB, 
and  OC.  If  O  E  =  2  O  A,  then  E  D  =  the  current  through  the  relay 
which  causes  it  to  operate.  If  a  circle  with  radius  =s  D  E  t>e  struck 
from  A  as  centre,  then  the  current  flowing  in  the  phase  O  C  for  any 
particular  angle  of  lag  jc  is  O  F,  it  being  supposed  that  the  current  O  A 
remains  constant.  The  two  current  transformers  arc,  of  course,  in 
phages  O  A  and  O  C. 

{b)  3-Phask  4-WiRki  Systems. 

The  3-phasc  4-wire  ^y8tem  is  shown  in  Fig.  7.  It  will  be  seen 
that   three  current  tran^Jformers  are  necessary,  but  only  two  relay's 
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are  used,  the  idea  being  to  save  the  cost  of  the  third  relay.     At  first 
sight  it  would  seem  that,  as — 

Current  in  R,  =  current  in  c  -|-  current  in  a, 
and    Current  in  R,  =  current  in  6  +  current  in  a, 

there  could  not  be  an  abnormal  current  in  any  one  of  the    three 
N.  k,  B.  C. 
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Fig.  7. — Faulty  Relay  Connections  on  3-Phase  4- Wire  Circuit. 

current  transformers  without  there  being  a  corresponding  current 
in  R,  or  R.. 

Exactly  the  same  consideration,  however,  can  be  applied  to  this  case 
as  in  section  (a),  as  it  is  quite  possible  for  one  phase  to  be  overloaded 
since  it  has  a  return  path  through  the  fourth  wire.  If  this  overload  has 
a  large  phase  displacement  relative  to  the  currents  in  the  other  phases, 
then  the  condition  may  arise  of  very  big  overloads  in  the  one  phase  and 
the  circuit  breaker  not  operating. 

The  only  safe  arrangement  is  to  have  the  same  number  of  relays  as 
current  transformers.  If  the  circuit  be  a  4-wire  one,  then  three  relays 
are  necessary ;  if  3 -wire,  then  only  two  relays  are  essential. 


1908]  FOR  ALTERNATING-CURRENT  CIRCUITS.  697 

7.  Altemating-currcnt  Reverse  Power  Relays. — Such  relays  arc  in- 
stalled between  busbars  and  sources  of  electrical  energy  ;  thus  they  are 
used  for  controlling  generator  switches  and  the  switches  at  the  far  ends 
of  feeders.  In  such  positions  complete  protection  is  afforded  by  the 
reverse  relay,  and  the  installation,  in  addition,  of  maximum  current 
circuit-breaking  apparatus  at  the  same  places  must  be  regarded  as  bad 
practice.  The  requirements  to  be  met  on  generator  circuits  and  on  the 
ends  of  feeders  are,  however,  different,  and  also  vary  with  the  type  of 
prime  mover. 

8.  Reverse  Relays  on  Generalors.^These  should  only  come  into  opera- 
tion  when  a  serious  fault  has  developed  on  the  generator  or  prime 
mover  of  the  nature  of  an  insulation  breakdown  in  the  winding,  or  a 
total  failure  of  steam  power.  A  short  consideration  will  show  several 
cases  of  accident  to  the  prime  mover,  in  which  an  automatic  dis- 
connection from  the  busbars  would  only  be  an  aggravation  of  the 
trouble.  For  example,  consider  two  or  three  large  compound  Corliss 
engines,  with  3-phasc  generators  running  in  parallel.  A  not  uncommon 
fault  is  the  failure  of  one  of  the  admission  valves  to  open,  with  the 
result  that  steam  is  admitted  to  only  one  side  of  the  piston.  Under 
these  circumstances  a  large  surging  current  passes  backwards  and 
forwards  from  the  faulty  to  the  good  machines.  This  is  due  to  the 
very  uneven  turning  moment  in  the  engine  caused  by  the  unequal 
distribution  of  steam  in  the  cylinders.  The  wattmeter  and  ammeter 
needles  are  set  into  a  violent  state  of  oscillation,  but  the  generator 
remains  in  step.  The  fault  with  the  valve  is  but  a  small  matter,  and 
is  noticed  at  once  by  the  driver,  who  attends  to  it  immediately,  the 
surging  current  ceases,  and  everything  goes  on  as  before.  If,  however, 
this  set  had  been  cut  off  the  busbars,  the  other  generators  would  have 
become  seriously  overloaded,  with  probable  variation  in  volts,  and  all 
the  trouble  of  synchronising  would  have  had  to  be  gone  through. 
A  satisfactory  generator  reverse  relay  should  withstand  therefore, 
without  operating,  such  a  surging  of  power  from  one  machine  to  the 
other,  provided  the  two  remain  in  synchronism.  These  surges  into 
the  faulty  set  are,  of  course,  reversals,  and,  moreover,  of  considerable 
magnitude. 

From  this  instance  it  follows  clearly  that  a  generator  relay  which 
operates  instantaneously  on  a  reversal  is  not  desirable.  In  fact,  it 
cannot,  under  the  above  set  forth  circumstances,  be  used  at  all. 

9.  Failure  0/  Field  Curr^i  of  Generator, — With  the  diminution  or 
total  failure  of  the  field  current  of  a  generator,  the  current  in  the 
windings  increases  greatly  and  leads  considerably  on  the  machine 
volts.  Provided  the  set  remains  in  synchronism,  and  the  steam  supply 
is  in  order,  the  alternator  continues  to  supply  energy  to  the  system, 
and  there  is  no  reason  why  it  should  be  disconnected  from  the  busbars. 
The  large  increase  of  current  is  noticed  by  the  switchman,  who 
immediately  seeks  for  and  remedies  the  fault  without  any  serious 
disturbance  of  the  supply.  If  when  the  field  circuit  fails  the  set  drops 
out  of  step,  then  it  should  rightly  be  disconnected,  but  this  would 
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generally  follow,  as,  with  the  set  out  of  step,  a  large  flow  of  power  int'  • 
the  machine  from  the  busbars  would  most  probably  take  place. 

lo.  Effect  of  Reduction  of  Busbar  Voltage  on  Generator  Reverse  Relay  <. 
— It  will  be  understood  that  any  form  of  relay,  one  of  whose  constituent 
parts  is  a  shunt  coil,  will  be  affected  by  variation  in  the  voltage  applied 
to  the  same.  The  shunt  coil  of  the  generator  reverse  relay  is  excited 
(through  the  intermediary  of  potential  transformers)  directly  from  the 
busbars.  On  the  occasion  of  an  accident  to  one  of  the  generators  the 
busbar  volts  will  tend  to  go  down.  The  trouble  is  intensified  by 
the  fact  that,  as  has  been  shown,  an  instantaneous  relay  cannot  be 
used,  therefore  there  is  more  time  for  the  voltage  to  fall.  It  must  be 
remembered,  however,  that  a  failing  generator  in  parallel  with  one 
or  more  good  ones  is  not  likely  to  pull  the  volts  down  to  any  ven.- 
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8. — A.C.  Reverse  Relay — Variation  of  Calibration  with  Voltage. 


alarming  extent.  Probably  a  50  per  cent,  reduction  is  the  maximum 
to  be  expected.  It  is  clear,  however,  that  the  calibration  of  the  relay 
should  be  as  little  affected  by  variation  in  the  busbar  voltage  as 
possible.  Curve  Fig.  8  shows  the  effect  of  reduction  of  the  shunt 
voltage  on  the  calibration  of  a  reverse-power  relay,  consisting  of  a 
specially  designed  wattmeter  movement.  It  will  be  seen  that  the 
calibration  is  practically  unaffected  down  to  10  per  cent,  of  the  normal 
voltage.  The  limit  down  to  which  it  works  is  7  or  8  per  cent, 
below  that  it  becomes  inoperative.  The  relay  is  also  absolutely 
inoperative  on  forward  power  under  all  conditions.  Tests  made  up  to 
ten  times  full-load  power  in  the  forward  direction  proved  this. 

II.  Setting  of  Reverse  Relay  on  Generators. — The  most  suitable  value 
to  which  a  generator  reverse  relay  should  be  set  is  such  that  it  will 
operate,  after  the  requisite  time  element,  with  an  energy  reversal  of 
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xo  per  cent,  of  the  full  rating  of  the  machine.  With  this  setting  the 
current  which  can  flow  in  the  generator  windings  is  never  very 
excessive.  It  has  been  suggested  that  lo  per  cent,  is  too  fine.  A  case 
which  came  under  my  notice  was  that  of  some  triple-expansion 
three-crank  engines,  driving  6,600-voIt  3-phase  generators.  These 
engines  were  fitted  with  emergency  stop  valves.  Owing  to  the  method 
adopted  for  operating  these  valves,  they  would  occasionally  close  acci- 
dentally and  shut  off  the  steam.  Under  these  conditions  the  energy 
reversal  would  exceed  10  per  cent.,  and  therefore  a  25  per  cent,  setting 
was  asked  for,  so  that  the  machine  should  not  be  cut  out  of  circuit,  but 
remain  in  step,  allowing  the  driver  time  to  open  the  valve  again.  The 
proper  cure  for  the  trouble  would  be,  however,  to  arrange  the  emer- 
gency valve  so  that  it  did  not  operate  in  this  accidental  manner. 

12.  Ra'crsc  Relays  at  ike  Ends  of  Feeders. — The  function  of  such 
relays  is  to  prevent  a  fault  on  the  feeder  being  fed  bick  from  the  sub- 
station or  distribution  network.  The  currents  which  flow  into  such  a 
fault  will  have  passed  through  long  lengths  of  feeder,  the  C  R  and  induc- 
tive drop  in  which  will  cause  the  voltage  applied  to  the  shunt  of  the 
relay  to  fall.  Thus  reverse  relays,  situated  at  the  ends  of  feeders,  are 
far  more  likely  to  be  affected  by  drop  in  volts  than  are  those  on 
generators.  For  this  reason  it  is  desirable  for  the  relay  to  operate  as 
quickly  as  possible  after  the  occurrence  of  the  reversal.  The  objection 
lo  instantaneous  reverse  relays  on  generators  does  not  apply  here,  as 
a  similar  action  to  the  slow  surging  of  current,  or  cross-current,  from 
one  generator  to  another  cannot  take  place.  Temporary  reversals  of 
energy  in  a  feeder  may  happen,  however,  due  to  hunting  of  the 
sutvstation  machinery.  The  hunting  may  be  set  up  by  a  temporary 
disturbance  in  the  system,  such  as  a  short  circuit  with  consequent 
lowering  of  voltage.  With  an  instantaneously  operating  relay  the  first 
reversal,  providing  it  be  of  sufficient  amplitude,  will  cause  the  relay  to 
operate,  and  thus  the  circuit  may  be  opened  when  there  is  not  any 
need  for  it  As  the  time-limit  relay  is  inadmissible,  this  action  must 
be  obviated  by  other  means.  The  determining  factor  is  obviously, 
to  what  degree  may  hunting  occur  in  the  sub-station  machinery 
without  the  same  falling  out  of  step  ?  Naturally  if  it  be  going  to 
fall  out  of  step  the  opening  of  the  circuit  is  an  advantage.  On  the 
other  hand,  a  moderate  temporary  swing  might  be  set  up  between 
the  sutv station  and  the  generating  station,  which  will  be  damped  out 
immediately  and  not  do  any  harm.  The  instantaneous  reverse  relay 
at  the  far  end  of  the  feeder  should  be  set,  therefore,  so  that  the 
minimum  power  required  to  operate  it  should  be  above  that  likely 
to  flow  t>ack,  owing  to  such  a  harmless  hunting  of  the  sub-station 
machinery.  It  follows  that  the  feeder-end  relay  should  be  set  pro- 
portionately higher  than  the  reverse  relay  on  the  generator  ;  probably 
if  it  were  set  to  operate  at  25  per  cent,  of  the  nortnal  full-load  capacity 
of  the  feeder  it  would  form  the  most  suitable  arrangement.  Other 
considerations  also  indicate  that  a  higher  power  setting  of  the  feeder- 
end  relay  than  the  generator  relay  is  admissible.    With  the  latter  the 
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motoring  current  may  be  of  very  low  power  factor,  and  in  order  to 
keep  the  current  within  moderate  limits  the  power  setting  of  the 
relay  must  be  kept  relatively  low.  The  feeder-end  reverse  relay  is 
intended,  however,  to  prevent  a  feeding  back  into  an  earth  or  short 
circuit.  Such  current  would  be  of  high  power  factor,  and,  if  not 
interrupted,  of  considerable  magnitude.  Thus  the  high  watt  setting 
of  the  relay  is  justified. 

13.  Protection  of  Intcrconnecior  Cables, — Interconnector  alternating- 
current  cables  are  used  generally  to  connect  up  one  sub-station  with 
another.  The  ordinary'  system  of  generating  station  and  sub-stations 
without  interconncctors  is  shown  in  Fig.  9A.  To  guard  against  stoppage 
of  supply  it  is  necessary  to  have  at  least  one  spare  cable  to  each  sub- 
station. With  an  interconnector  cable  between  S,  and  S,  (Fig.  9B), 
however,  the  necessity  of  these  two  spares  is  done  away  with.  Also  in 
many  cases  the  distance  S,  S,  is  shorter  than  the  distance  from  either 
sub-station  to  the  generating  station,  so  that  the  interconnector  results 
in  a  saving  in  capital  expenditure.    The  standard  method  of  protection 


Fig.  9A. 

for  ordinary  feeders  is  by  means  of  an  inverse  time-limit  maximum 
circuit  breaker  at  the  generating  station  end  and  a  reverse  circuit 
breaker  at  the  sub-station  end.  It  is  obvious  that  this  system  is  not 
applicable  to  the  interconnector,  as  power  may  flow  either  from  S,  to 
S,,  or  from  S^  to  S,.  In  fact,  if  S,  and  S,  are  running  in  parallel  the 
direction  of  flow  in  the  interconnector  will  alter  according  to  the 
relative  loading  of  the  sub-stations. 

14.  Conditions  under  which  the  Interconnector  should  be  Automatically 
Disconnected. — A  diagrammatic  representation  of  a  generating  station 
feeding  two  sub-stations  connected  together  by  an  interconnector  is 
given  in  Fig.'  10.  It  is  obvious  that  the  interconnector  should  be 
protected  against  excessive  loads  going  through  it  of  such  a  magnitude 
that  the  cable  itself  is  likely  to  be  damaged.  It  is  conceivable  that 
owing  to  faulty  superintendence  the  current  in  the  interconnector  may 
mount  up  to  such  an  extent  that  damage  to  it  may  result.  Some  kind 
of  a  maximum  circuit-breaking  device  is  desirable  therefore,  and  as  the 
only  object  of  this  is  to  prevent  thermal  damage,  the  time  element 
should  be  very  long— longer  than  any  of  the  other  maximum  circuit 
breakers  on  the  system,  whose  function  it  is  to  deal  with  shorts  and 
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accidental  temporary  overloads.  For  shorts  and  overloads  on  the 
system,  other  than  those  caused  by  the  failure  of  the  interconnector 
itself,  the  circuit  breakers  on  the  feeders,  motors,  and  generators  must 
be  relied  upon.  The  interconnector,  from  the  point  of  view  of  control, 
virtually  makes  two  sub-stations  into  one — that  is,  it  is  a  prolongation  of 
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the  sub-station  busbars.  So  long,  therefore,  as  the  interconnector  is  in 
good  condition,  and  not  permanently  overloaded  sufficiently  to  l>c 
burned,  overloads  and  shorts  on  the  system  should  never  cut  it  out  of 
circuit.  The  occasion  when  it  should  be  cut  off  is  when  it  goes  \sTong 
itself  either  by  grounding  or  shorting.  It  is  obvious  that  to  attain  this 
end  something  more  is  needed  than  simply  maximum  or  reverse  relays 
at  either  end  of  the  interconnector,  as  these  cannot  discriminate 
between  shorts  or  grounds  in  the  interconnector,  or  in  other  parts 


602    GARRARD  :  SWITCHGEAR  CONTROL  APPARATUS      [May  14th. 

of  the  system.  To  solve  the  problem  it  is  only  necessary  to  consider 
that  the  function  of  the  interconnector  is  to  pass  energy  from  one  sub- 
station to  the  other  in  either  direction.  So  long  as  it  is  doing  this  it 
may  be  said  to  be  performing  its  function.  It  is,  however,  not  doing 
so  when  it  takes  energy  from  one  sub-station  and  does  not  deliver  it  to 
the  other — that  is,  when  energy  flows  into  the  cable  at  both  ends  at  the 
same  time.  It  follows  that  a  circuit-breaking  apparatus  must  be 
installed  at  either  end,  and  that  these  must  be  interconnected  together. 
This  is  done  generally  by  means  of  one  or  more  pilot  wires. 

15.  Merz  and  Price's  System, — The  principle  on  which  this  method 
dependsWs  illustrated  in  Fig.  11.  A  current  transformer  (C.T.)  is 
included  in  the  interconnector  at  either  end,  the  secondaries  of  which 
are  connected  together  through  the  trip  coils  (T.C.)  and  the  pilot,  the 
return  circuit  being  via  earth.  So  long  as  the  current  flows  through 
both  current  transformers  in  the  same  direction,  it  is  immaterial  in  which 
direction,  the  E.M.F.'s  induced  in  the  secondaries  of  the  C.T.'s  balance, 
and  current  does  not  flow  through  the  pilot  and  trip  coils.  So  soon, 
however,  as  the  currents  at  either  end  become  unequal,  or  a  reversal 
at  the  one  end  relatively  to  the  other  takes  place,  current  begins  to 
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Fig.  II. — Merz  and  Price's  System  of  Protection  of  Interconnections. 


flow  in  the  trip  coils,  and  when  this  has  reached  sufficient  value  the 
switches  are  opened.  It  may  be  mentioned  that  differential  relays  arc 
used  usually,  in  addition,  for  operating  the  tripping  mechanism  of  the 
switches  as  the  arrangement  of  Fig.  11,  although  quite  right  theoreti- 
cally, cannot  be  applied  practically  in  the  simple  form  shown. 

The  advantage  of  Merz  and  Price's  arrangement  is  that  potential 
transformers  are  done  away  with  altogether.  In  order  to  secure  full 
protection,  however,  more  than  one  pilot  wire  has  to  be  run  for  each 
3-phase  interconnector. 

16.  Protection  of  Interconnector  Cables  by  means  of  Electrically  Inter- 
locked Reverse  Relays, — As  the  criterion  of  failure  of  an  interconnector 
is  the  simultaneous  flow  of  power  into  it  at  either  end,  such  a  circuit  can 
be  protected  by  the  installation  of  reverse  power  relays  at  both  ends,  both 
relays  being  connected  in  a  common  tripping  circuit  arranged  so  that 
only  when  energy  is  flowing  into  the  cable  at  both  ends  is  the  trip-coil 
circuit  closed  at  both  relays,  and  the  main  switches  caused  to  open 
circuit  (see  Fig.  12.)  Normally  the  trip  circuit  is  broken  at  one  relay 
and  made  at  the  other,  or  vice  versa ^  according  to  the  direction  of  flow 
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of  power  in  the  circuit.  The  relays  close  circuit  with  a  slight  time 
clement  so  that,  on  the  flow  of  current  reversing,  one  of  the  contacts  is 
opened  at  the  one  relay  before  the  other  one  is  closed.  On  reference 
to  Fig.  12  it  will  be  seen  that  only  when  power  is  flowing  into  the 
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Fig.  12. — Protection  of  3-Phasc  Interconncctor  by  means  of  Electrically 
Interlocked  Reverse  Relays. 


cable  at  both  ends  at  the  same  time  is  the  trip-coil  circuit  complete 
through  each  trip  coil  and  the  circuit  ruptured  at  both  ends, 

A  and  A,  are  each  a  pair  of  contacts  which  are  closed  automatically 
when  the  main  circuit  breaker  at  the  corresponding  end  opens.  Thus,  if 
the  switch  at  the  left  end  of  the  interconncctor  opened  slightly  before 
the  one  at  the  right-hand  end,  the  trip-coil  circuit  would  be  closed  at  A 
and  by  the  relay  at  the  right-hand  end.    Thus  the  circuit  breaker  at  the 
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right-hand  end  would  also  operate.  The  object  of  this  arrangement  is 
to  ensure  that  both  ends  of  the  interconnector  will  be  disconnected  even 
if  the  two  switches  do  not  act  quite  as  quickly  as  each  other.  E^ch  trip 
coil  is  also  arranged  so  that  it  is  cut  out  of  circuit  when  its  main  switch 
has  opened  circuit,  after,  however,  A  (respectively  A,)  has  been  closed. 
The  trip  coils,  therefore,  experience  no  danger  of  burning  out.  The  state 
of  affairs  might,  however,  arise  that  the  left-hand  switch  was  open  and 
the  right-hand  switch  was  closed,  there  being  a  short  or  earth  on  the 
interconnector.  By  the  act  of  closing  the  right-hand  switch  the  trip  coil 
of  this  switch  will  be  put  into  circuit  ready  for  operation,  and  the  circuit 
through  the  same  will  be  complete  through  the  right-hand  relay,  which 
operates  due  to  the  flow  of  current  into  the  fault,  and  through  A.  Thus 
the  right-hand  circuit  breaker  will  be  opened,  while  at  the  same  time 
cutting  out  its  own  trip  coil.  Thus  it  is  impossible  to  connect  up  the 
interconnector  at  either  end  while  there  is  a  fault  on  the  same. 

The  arrangement  as  set  forth  above  of  course  necessitates  that  there 
should  be  some  voltage  in  order  to  operate  the  relays.  If  the  voltage 
absolutely  disappears,  the  reverse  relay  will  not  work,  and  it  may  be 
thought  that  in  the  case  of  a  very  bad  short  circuit  this  will  happen. 
Considerable  experience  has  shown,  however,  that  even  under  the 
worst  conditions  the  voltage  does  not  entirely  disappear,  and  that  if  the 
calibration  of  the  apparatus  is  unaffected  by  fall  of  potential  down  to 
lo  per  cent,  of  the  normal  working  voltage  all  working  conditions  will 
be  met  (compare  Fig.  8). 

As  the  pilot  wire  only  carries  the  tripping  current  it  will  be  seen 
that  only  one  pilot  is  necessary  whether  the  relays  are  single,  2-,  or 
3-pole.  On  a  3-phase  system  the  relays  will  be  2-  or  3-pole  according 
as  to  whether  the  system  be  3-wire  or  4-wire.  Messrs.  Merz  &  Price 
suggest  that  the  pilot  wire,  or  wires,  can  be  made  up  in  the  same 
multicore  cable  as  the  main  conductors,  there  being  generally  sufficient 
space  for  this  in  the  fllling,  which  is  used  to  make  up  the  cable  to  a 
cylindrical  cross-section.  This,  however,  is  open  to  the  serious  objec- 
tion that  if  a  serious  fault  or  burn-out  occurs  the  pilot  wire  will  be 
broken  most  probably.  It  would  be  much  better  to  keep  the  pilot 
wire  quite  distinct  from  the  main  cable,  preferably  laying  it  in  a 
different  duct.  A  system,  therefore,  which  under  all  conditions  only 
requires  one  pilot  wire  is  of  advantage  in  this  direction. 

17.  Time'limit  Maximum  Circuit  Breakers. — At  the  present  time  it 
is  general  practice  to  instal  time-element  maximum  circuit- breaking 
devices,  in  various  positions,  on  all  large  systems.  There  have  been  a 
variety  of  forms  used.  Some  have  had  a  constant  time  element  inde- 
pendent of  the  degree  of  the  overload.  These  are  but  rarely  required, 
and  we  will  only  consider  inverse  time-element  circuit  breakers.  In 
reading  descriptions  of  the  various  plants  in  different  parts  of  the 
world,  it  is  very  difficult  to  arrive  at  any  conclusion  as  to  the  actual 
time  element  employed.  It  is  very  conmion,  for  example,  to  read  that 
the  time  element  in  such  and  such  a  switch  was  2  seconds.  This 
does  not  convey  any  clear  meaning.    In  order  fully  to  understand  the 
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arrangement  it  would  be  necessary  not  only  to  know  at  what  current 
the  switch  just  opens  and  in  what  time,  but  also  the  time  taken  on  a 
dead  short  circuit  which,  of  course,  is  very  different.  It  is  this  latter 
time  which  6xes  the  order  of  succession  in  which  inverse  time-element 
circuit  breakers,  which  are  in  scries  one  with  another,  operate  on  heavy 
short  circuits.  Hitherto  it  has  been  considered  generally  that  fuses 
possess  an  inverse  time-element  action.  It  must  not  be  assumed  that 
this  is  always  the  case.  R.  P.  Jackson  *  gives  oscillograms  of  38,000- 
volt  (phase  to  earth)  expulsion  fuses,  which  show  that  these  operated 
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Fig.  14.— Time  Element  of  High  Tension  Fuse. 


in  one  or  two  cycles.  It  is,  however,  often  true.  The  photograph  in 
Fig.  13  illustrates  a  105-ampere  high-tension  fuse  which  has  been  used 
on  the  outgoing  feeders  in  the  5o-r>j  generating  station  referred  to  later. 
These  consist  of  seven  strands  of  No.  24  S.W.G.  silver  wire,  each  strand 
being  enclosed  in  a  small  glass  tul)c,  for  a  short  distance  in  the  middle, 
the  whole  tx^ing  surrounded  by  an  outer  glass  tube.  The  wires  are 
spaced  out  by  asbestos  washers,  and  the  outer  tut>e  is»  filled  with  French 
chalk,  except  for  the  small  space  in  the  middle  where  the  wires  are 
enclosed  in  the  small  glass  tubes.  The  engineer  h:is  kindly  informed 
*  Trunsactiom  0/ Hu  Amcncan  tnstttuU  0/  Ekttrical  Emgiucers^  vol.  35.  p.  896,  tt>o  <. 
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me  that  these  fuses  have  never  blown  due  to  shorts  on  the  low-tension 
network.  Whenever  they  have  blown  it  has  been  due  to  a  failure  in 
the  feeder,  in  that  part  of  it  between  the  generating  station  and  the 
first  substation.  The  time  element  of  this  fuse  is  given  in  the  curve  in 
Fig,  14.  This  curve  was  taken  by  keeping  80  amperes  flowing  through 
the  fuse  till  normal  temperature  u-as  reached,  then  suddenly  increasing 
the  current  to  the  value  given  in  the  cur\'e,  and  noting  the  time  taken 
to  blou*. 

Of  course,  apart  altogether  from  the  difficulty  of  arranging  two  fuses 
in  series  with  the  certainty  of  one  operating  before  the  other,  high- 
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tension  fuses  cannot  now  compete  with  automatic  circuit  breakers 
either  in  cost  or  efficiency. 

18.  Inverse  Time-limit  Circuit  Breakers  on  Feeders. — If  it  has  been 
decided  that  a  time-element  circuit  breaker  is  necessary  on  the  outgoing 
feeder  the  next  point  to  determine  is  what  this  time  element  should  be. 
If  it  were  only  a  question  of  arranging  the  various  switches  so  that  they 
opened  in  a  predetermined  order  the  feeder  time  lag  would  be  made  as 
long  as  possible,  as,  naturally,  the  longer  it  is  the  more  chance  have 
the  distant  circuit  breakers  of  operating  before  the  feeder.  Fig.  15 
shows  the  calibration  of  outgoing  feeder  rcLiys  installed  on  the  6,600- 
volt  35- oj  3-phase  feeders  in  a  large  generating  station  in  Scotland. 
I  am  indebted  to  the  chief  engineer  for  the  curve  in  Fig.  16,  which 
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shows  the  curve  of  the  switches  which  are  installed  on  the  machines  in 
the  sub-stations.  The  curves  of  Fig.  15  were  arranged  so  that,  under 
all  conditions,  the  machine  breaker  should  operate  before  the  feeder 
breaker  had  time  to  do  so.  These  settings  have  proved  to  be  satis- 
factory on  the  system  in  question.  The  sub-station  machinery  in  this 
case  consisted  almost  exclusively  of  induction  motor-generators. 

Relays  having  time  elements,  as  in  Fig.  15,  were  subsequently 
installed  on  the  outgoing  feeders  in  a  similar  English  6,600-volt  system, 
except  that  in  this  case  the  sub-station  machinery  consisted  almost 
exclusively  of  5o-r>u  synchronous  motor-generators.  The  difficulty  ^^as 
at  once  experienced  that  with  the  comparatively  long  time  elements 
whenever  a  severe  high  tension  short  came  on  the  system,  the  shock 
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Fig.  17. — Calibration  Curve  of  Outgoing  Feeder  Relays  feeding  Sub-stations 
containing  5o-f\;  Synchronous  Machinery. 


was  so  great  that  a  great  deal  of  the  synchronous  sub-station  machinery 
fell  out  of  step.  Generally  a  swinging  of  the  current  to  and  from  the 
sub-stations  was  set  up  which  increased  until  the  motors  fell  out  of 
step.  To  get  over  this  the  time  elements  were  shortened  several  times 
until  the  calibration  curve  as  given  in  Fig.  17  was  obtained  on  the  out- 
going feeders.  It  is  considered  that  with  such  settings  the  system  will 
be  able  to  clear  itself  of  high-tension  short  circuits  without  any  danger 
of  affecting  the  synchronous  machinery  other  than  that  fed  by  the 
faulty  feeder. 

It  will  be  seen  that  in  order  to  prevent  the  falling  out  of  step  of  the 
synchronous  machines  the  advantage  of  the  long  time-element  circuit 
breakers  has  (in  this  case)  to  be  dispensed  with.  On  examining  Fig.  17 
the  thought  arises,  Is  this  very  short  time  element  worth  keeping? 
Would  it  not  be  just  as  good  to  go  the  "  whole  hog  "  and  abolish  the 
time  lag  altogether  ? 
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This  may  seem  a  plausible  thing  to  do,  as  it  might  be  considered  that 
the  difference  between  Fig.  17  and  an  instantaneous  action  is  in- 
appreciable. Really,  however,  this  is  not  so,  and  there  is  more  difference 
between  curve  No.  17  and  an  instantaneous  action  than  there  is  between 
curves  Nos.  15  and  17.  In  order  to  get  an  idea  as  to  what  time  a  so-called 
instantaneous  release  mechanism  took  to  work,  an  ordinary  alternate- 
current  trip  coil  was  investigated.  An  examination  showed  that  the 
time  taken  for  the  plunger  to  rise  from  the  bottom  to  the  top  position 
did  not  exceed  ^igth  of  a  second.  It  follows  that  the  time  clement  of 
an  instantaneous  release  is  less  than  r^th  of  the  time  element  shown  in 
the  curve  No.  17,  and  to  go  from  this  curve  to  the  instantaneous  release 
is  a  larger  step  than  the  sum  total  of  the  previous  steps  taken  in  arriving 
at  curve  No.  17.  There  is  no  doubt  that  instantaneous  releases  have 
been  tried  and  found  unsatisfactory  by  reason  of  too  often  and  un- 
necessary operation.  If  now  it  should  be  found  that  the  transitory 
currents  that  have  given  trouble  with  the  instantaneous  release  are  of 
shorter  durations  than  the  times  of  the  curve  in  Fig.  17,  then  the  retention 
of  the  time  element,  even  if  shortened  to  the  extent  of  Fig.  17,  is  desirable. 
The  general  conclusion  to  be  drawn  from  these  notes  is  that  the  neces- 
sary and  desirable  time  elements  of  the  circuit  breakers  on  each  system 
must  be  determined  experimentally.  When  installing  maximum  relays, 
therefore,  they  should  be  such  that  their  time  elements  may  be  varied 
within  wide  limits  independently  of  the  currents  at  which  they  operate. 
It  is  not  desirable  to  have  the  time  element  too  easily  adjustable  by 
means  of  a  screw  or  some  such  arrangement  outside  the  relay,  as  this 
provides  grave  danger  of  the  time  settings  t>eing  altered  by  unauthorised 
persons.  The  time  elements  of  all  the  circuit  breakers  on  the  system 
must  be  considered  as  a  whole,  and  after  the  correct  values  have  been 
found  the  settings  need  never  be  altered.  The  curve  in  Fig.  14  gives 
a  time  element  which  need  not  t>e  exceeded  on  the  outgoing  feeders  on 
the  50- r\J  synchronous  sub-station  system  considered.  Relays  set  with 
longer  times  than  this  resulted  in  the  synchronous  motors  falling  out  of 
step  when  a  high-tension  short  came  on  the  system,  and  to  get  over  this 
difficulty  very  sliort  time  settings  had  to  be  resorted  to.  This  entailed 
a  sacrifice  of  a  great  deal  of  the  possibility  of  arranging  a  selective  action 
of  the  circuit  breakers  in  series  one  with  another.  It  would,  however, 
be  inadvisable  to  resort  to  absolutely  instantaneous-action  circuit 
breakers  on  this  system.  Much  longer  time  elements  can  be  used  on  a 
s^'stem  consisting  of  induction  motor-generator  sub-stations,  and  there- 
fore a  better  grading  of  the  circuit  breakers  can  be  obtained. 

Referring  to  the  question  of  the  protection  of  interconnector  cables 
(paragraphs  13,  14,  15,  and  16),  it  often  happens  that  continuous  current 
is  not  available  in  the  sub-station.  Fig.  12  shows  the  system  with 
direct-current  tripping  coils,  and  Fig.  18  shows  the  system  for  the  pro- 
tection of  interconnectors  by  means  of  electrically  interlocked  reverse 
rcUys,  using  alternating-current  tripping  coils. 

Referring  to  Fig.  18,  it  will  be  noticed  that  when  power  is  flowing 
into  the  3-phasc  interconnector  at  both  ends  at  the  same  time,  the 
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reverse  relays  R.R.  operate  and  close  the  circuit  through  an  auxiliary 
relay  A.R  This  auxiliary  relay  A.R.  can  be  energised  from  a  fc^xr 
primary  or  secondary  cells.  If  the  pilot  wire  consist  of  ^V  cable,  this 
only  has  a  resistance  of  about  9^  ohms  a  mile,  so  that  it  will  be  seen 
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Fig.  18.— Protection  of  Interconnectors  with  A.C.  Tripping  (Series  and  Shunt). 

A  and  B  are  contacts  on  the  main  switch.  A  is  closed  when  the  switch  is  open,  B  is  opened 
when  the  switch  is  opened.  They  consist  of  simple  metal  tongues  on  the  mechanism  of  the 
switch.  The  other  end  of  the  interconnector  is  fitted  up  in  exactly  the  same  manner.  Both 
A  and  B  may  be  shunted  by  press-button  key  for  testing  purposes  if  desired.  The  two  batteries 
arc  connected  up  so  that  they  aie  in  series. 


that  quite  a  small  voltage  given,  say,  by  some  Leclanche  cells,  is  quite 
powerful  enough  to  operate  the  auxiliary  relay. 

Fig.  18  shows  both  series  and  shunt  tripping.  The  series  and  shunt 
tripping  is  resorted  to  so  that  the  interconnector  shall  be  disconnected 
no  matter  what  the  voltage  or  the  current  may  be  which  may  be  avail- 
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able  to  operate  the  trip  coils.  Thus,  if  the  voltage  drops,  this  will  be 
due  to  a  large  current  passing,  and  the  series  trip  coils  will  be  e£fective. 
If,  on  the  other  hand,  but  little  current  passes,  the  voltage  will  keep  up 
and  the  shunt  trip  coil  will  be  the  one  that  operates.  It  will  be  noticed 
that  under  normal  conditions  the  current  trip  coils  C.T.C.  are  shorted 
by  means  of  the  contacts  S.S.C.  Only  when  the  auxiliary  relay  A.R. 
operates  is  this  short  circuit  removed  and  the  current  from  the  current 
transformers  diverted  through  the  trip  coils. 

Another  point  I  would  now  like  to  mention  is  in  connection  with 
paragraph  i8  and  the  time  taken  by  an  instantaneously  acting  trip  coil 
to  operate.  Professor  B.  Hopkinson*  carried  out  experiments  on 
magnetic  blow-out  and  carbon  break-circuit  breakers  on  continuous 
current,  and  found  that  they  opened  the  circuit  in  time  periods  of  the 
order  of  one-twentieth  of  a  second.  It  is  probable  that  an  oil  break- 
circuit  breaker  with  solenoid  release  opens  the  circuit  quicker  than  this. 
It  will  be  noticed  that  my  own  deduction  was  less  than  one-tenth  of  a 
second. 

Discussion. 

Mr.  H.  W.  Clothier  :  With  regard  to  the  introductory  paragraph,  JJ- 
there  has  been  a  good  deal  of  misunderstanding  on  the  subject  of 
relays.  When  a  bad  fault  has  occurred  on  a  system  it  has  generally 
been  the  practice  to  look  around  and  see  which  parts  of  the  system 
have  l)een  needlessly  isolated.  It  has  become,  as  it  were,  a  second 
nature  with  our  engineers  to  expect  these  discrepancies  in  the  opera- 
tion of  their  gear.  One  of  the  worst  offenders  in  this  respect  has  been 
the  reverse-current  relay.  Although  I  have  discussed  the  subject  of  pro- 
tective gear  with  many  engineers  I  have  very  seldom  found  one  who  is 
in  thorough  sympathy  with  the  use  of  reverse-current  relays  or  reverse- 
power  relays  as  Dr.  Garrard  calls  them.  Mr.  Andrews  has  from  the 
earliest  stages  been  the  chief  instigator  of  them,  and  the  work  he  has 
done  on  them  has  been  very  great,  but  notwithstanding,  we  still  have 
to  face  the  danger  of  reverse-current  relays  tripping  when  they  should 
not  trip,  particularly  when  there  are  disturbances  affecting  the  voltage. 
I  may  state  as  an  interesting  fact  that  on  the  supply  systems  in 
Northumberland  and  Durham  when  they  had  reverse-power  relays 
installed  they  found  so  much  trouble  with  them  tripping  at  the  wrong 
time  that  they  have  now  been  removed  from  the  generator  and  feeder 
circuits.  With  regard  to  time-element  relays,  I  think  these  are  almost 
ab  undesirable  because  they  allow  the  excess  current  occasioned  by  a 
fault  to  t>e  maintained  on  the  system,  with  the  result  that  the  syn- 
chronous machines  are  thrown  out  of  step  and  the  whole  system 
disorganised.  I  see  that  the  author  rather  advocates  a  time-limit 
attachment  to  his  reverse-power  relays.  This,  I  admit,  may  avoid  a 
good  deal  of  trouble  due  to  the  relays  tripping  out  on  momentary 
surges.      But  at   the  same  time  by  putting  a  time  element  on  the 
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reverse-current  relay  the  same  objection  as  stated  against  the  use  of 
time-limit  overloads  is  introduced.  The  successful  features  of  a  feeder 
protection  system  on  any  large  high-tension  network  are  these  : — 

The  gear  must  operate  instantaneously  ;  it  must  cut  out  the  fault 
before  the  current  has  risen  to  dangerous  dimensions  and 
obviate  the  chance  of  serious  surging. 

The  gear  must  be  as  simple  as  it  can  be  made. 

It  must  be  applicable  to  all  systems  of  network. 

It  must  not  cut  out  a  healthy  section  for  a  fault  developed  on 
another  section. 

The  Merz-Price  system  explained  in  the  paper—there  are  one  or 
two  details  which  are  not  quite  correct,  but  the  main  principle  is 
described  aright — is  the  only  system  I  know  of  that  complies  with  the 
foregoing  conditions. 

Dr.  Garrard's  proposal  of  interlocked  reverse-current  relays  is 
certainly  ingenious,  but  it  does  not  cover  all  the  requirements.  There 
are,  I  think,  some  serious  objections,  thus  : — 


Fig   a. 

In  the  sketch  (Fig.  A)  A  is  the  power  station,  B  B  are  the  sub-stations 
oined  to  form  a  ring  main  having  time-limit  overload  relays  at  C  and 
reverse-current  relays  at  ^,  and  interlocked  reverse  relays  at  <i  according 
to  the  paper.  With  all  switches  closed  and  subject  to  the  reverse 
relays  not  failing  a  fault  at  F  may  be  cleared  all  right.  But  suppose  a 
switch  is  open  at  G  and  a  fault  now  develops  on  the  interconncctor 
at  F,  there  is  no  current  fed  through  from  the  left  to  oppose  the 
current  from  the  right,  and  therefore  the  protective  gear  becomes 
inoperative  and  the  fault  is  not  cleared  by  the  relay  d. 

Secondly,  it  has  the  objection  inherent  to  the  use  of  time  limit,  in 
not  cutting  out  the  fault  instantly. 

Thirdly,  it  is  not  applicable  to  all  systems. 

For  example,  we  may  need  to  lay  a  branch  cable  at  T  (Fig.  B)  to 
another  sub-station.    This  cannot   be  done  on   the  author's  system 


1906.]  FOR  ALTERNATINQ-CURRBNT  CIRCUITS  :  DISCUSSION.  618 

because  there  would  be  opposed  currents  through  the  ends  of  the 
interconnector  which  would  trip  the  relays  d  when  working  under 
normal  conditions.  In  these  instances  Dr.  Garrard's  system  has 
limitations  where  in  comparison  the  Merz-Price  has  none. 

One  of  the  great  features  of  the  Merz-Price  gear  is  that  it  works  on 
complicated  networks ;  we  may  have  ring  mains,  loops,  and  tecs,  and 
in  every  case  we  get  absolutely  instantaneous  isolation  of  a  faulty 
section  without  the  interruption  of  supply  to  sound  sections.  We  have 
had  practical  demonstrations  of  that;  it  is  not  a  test-room  develop- 
ment. As  an  instance,  only  recently  a  20,000-volt  joint  box  developed 
a  fault,  and  was  simply  scattered  to  pieces,  but  the  section  was  instan- 
taneously isolated  without  interruption  to  the  consumer's  supply. 

I  would  like  also  to  show  how  a  saving  in  the  capital  invested  in  the 
cable  network  can  be  obtained  by  the  use  of  this  system.   For  example, 
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assuming  a  power  station  feeding,  say,  five  sub-stations,  the  ordinary 
system  is  to  run  duplicated  cables  from  the  power  station  and  calls  for 
five  pairs  of  cables  starred  out.  The  practice  has  been  to  have  overload 
relays  with  inverse  time  limit  at  the  power  station  ends  and  reverse 
relays  at  the  sub-station  ends  of  the  cables.  Now,  that  method  of  pro- 
tection suffices  subject  to  the  limitations  already  stated  in  regard  to 
time  limit  and  reverse  relays.  But  with  the  Merz-Price  system  we  may 
take  those  five  sub-stations  and  join  them  up  to  the  power  station  in 
a  complete  ring  main.  Roughly,  the  saving  in  capital  expenditure  on 
the  feeder  cable — using  main  cables  five  times  the  size  of  those  required 
for  the  other  system — is  about  25  per  cent,  a  saving  that  more  than  com- 
pensates for  the  extra  cost  involved  by  the  pilot  cable.  Not  only  that, 
but  we  have  a  good  strong  cable  for  our  ring  main  which  is  more 
mechanical  and  reliable  than  the  smaller  cables  used  for  the  duplicate 
feeder  system. 

Vou  41.  40 
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Thus  in  many  ways  the  Merz-Price  system  enabled  the  supply 
undertakings  to  connect  consumers  in  a  manner  which  was  impK)ssible 
under  other  systems,  and  I  think  it  would  surprise  many  people  to 
know  what  a  very  large  network  has  been  developed  by  the  aid  of  this 
gear.  The  network  connects  up  in  one  solid,  parallel  running,  system— 
the  main  and  several  smaller  power  stations,  with  numerous  sub-station- 
(both  static  and  rotary),  covering  an  area  of  several  hundred  square 
miles. 

Mr.  B.  Welbourn  :  I  should  like  to  point  out  that  Fig.  1 1  i> 
incorrect,  and  that  in  practice  a  complete  metallic  circuit,  and  not  an 
earth  return,  is  used  ;  and  for  this  reason  it  is  important  that  the  pilot 
wire  circuit  should  be  earthed  at  one  end  only,  because  when  a  break- 
down occurs  on  any  part  of  the  network  there  is  a  risk  that  the  earth- 
current  caused  thereby  may  tend  to  flow  through  the  pilot  cores  and 
operate  the  relays  on  a  healthy  cable  if  there  is  an  intentional  earth  oc 
each  end  of  the  pilot  circuit. 

With  reference  to  the  statement  on  page  604  about  multi-core  cables, 
Merz  and  Price  do  not  use,  and  have  never  tried  to  use  in  practice, 
a  system  of  pilot  wires  laid  up  in  one  cable  with  the  main  conductors. 
In  all  cases  they  have  laid  a  separate  3-core  pilot  cable  with  each 
3-core  feeder,  and  have  been  gradually  installing  this  sjrstem  on  thii 
plan  since  1904.  The  author's  two  objections  to  the  Merz  and  Price 
proposals  seem  to  me,  therefore,  to  disappear.  It  may  be  well  to  stale 
that  Merz  and  Price  began  their  experiments  in  1902,  and  by  1904  were 
so  assured  of  the  results  they  could  obtain  that  they  commenced 
systematically  laying  pilot  cables  with  all  new  feeders.  A  large  amount 
of  money  has  been  spent  in  its  development,  and  now  practical  ex- 
perience has  shown  its  unfailing  reliability,  with  the  result  that  there  are 
at  present  seventy  individual  feeders  totalling  about  two  hundred  miles 
of  cable  and  about  fifty  sub-stations  containing  some  50,000  k.w.  of 
plant  protected  on  the  networks  controlled  by  Mr.  Merz,  and  there  has 
been  no  case  of  faulty  operation  to  date.  A  very  extensive  experience 
on  the  large  networks  under  Mr.  Merz's  control  has  shown  that  all 
the  old  systems  for  the  protection  of  any  interconnected  network  are 
the  cause  of  endless  trouble,  and  even  on  a  small  system  where  there 
is  no  interconnection,  but  where  duplicate  cables  are  used  and  where 
more  than  one  supply  is  given  in  series,  it  is  extremely  difficulty  and 
very  often  impossible,  to  get  the  old  style  of  gear  to  discriminate 
properly. 

In  the  earliest  stages  of  development  in  Newcastle  down  to  about 
1905  Mr.  Merz  tried  nearly  every  make  of  overload  and  reverse-current 
relay  then  in  existence,  and  soon  was  forced  to  the  conclusion  that  it 
was  impossible  to  discriminate  with  more  than  two,  or  at  the  most 
three,  overloads  in  series  under  the  conditions  which  exist  on  the  high- 
tension  network  at  the  moment  of  short  circuit,  and  that  reverse-current 
relays  are  very  erratic  in  action  when  surges  take  place — that  is,  they 
trip  just  when  they  are  not  wanted  to. 

With  such  complicated  networks  as  those  of  the  Newcastle  and 
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County  of  Durham  Companies  it  would  be  hopeless  to  attempt  dis-  Mr. 
crimination  by  any  other  principle  than  that  of  balanced  gear.    The 
feeder  cable  systems  are  of  every  possible  description  : — 

1 .  Those  fed  from  one  end. 

2.  Those  fed  from  both  ends  as  interconnectors. 

3.  Branches  taken  off  feeders  by  direct  T  joints. 

The  Newcastle  engineers  have  worked  very  hard  at  this  problem, 
and  can  now  claim  that  they  have  the  only  large  installations  of  well- 
tried  and  perfected  protective  gear,  and  that  they  could  not  do  any 
automatic  control  worthy  of  the  name  unless  they  had  this  tialanced 
gear.  On  the  northern  systems  there  have  been  a  numt>er  (about 
twenty  in  all)  breakdowns  on  cables  and  transformers  due  to  known 
causes,  and  the  faults  have  in  every  case  been  isolated  without  dis- 
locating  the  supply  on  the  healthy  sections  and  without  shock  t>eing 
noticeable  at  the  power  station.  It  is  fair  to  claim  that  this  liighly 
satisfactory  result  can  only  be  obtained  with  this  balanced  gear,  which 
operates  instantaneously  and  is  especially  valuable  on  circuits  involving 
synchronous  plants.  It  is  of  the  utmost  importance  to  note  that  when 
the  failures  occurred  the  only  sections  which  were  isolated  were  those 
containing  the  faults,  and  the  balanced  protective  gear  on  adjacent 
healthy  feeders  was  quite  unaffected.  The  whole  point  is,  that  there 
never  can  be  any  question  of  the  gear  failing  to  operate  on  a  faulty 
section  ;  there  is  no  disturbance  of  healthy  sections,  and  at  the  same 
time  it  operates  instantaneously. 

Unless  I  misunderstand  Dr.  Garrard's  proposals,  his  electrically 
interlocked  reverse  relay  necessitates  a  time-limit  element,  and  I  doinot 
gather  that  he  claims  instantaneous  isolation  of  a  faulty  interconnector 
cable.  This  seems  to  be  a  decided  disadvantage  on  any  system  con- 
taining synchronous  machinery  which  might  be  thrown  out  of  step. 

To  sum  up  the  case  for  the  Merz- Price  gear  : — 

1.  It  discriminates  with  absolute  certainty ;  that  is,  it  is  certain  in 
its  action  in  isolating  faulty  cables,  transformers,  or  other  plant,  and 
is  inoperative  with  equal  certainty  on  healthy  sections. 

2.  It  is  suitable  for  use  on  all  possible  arrangements  of  cables, 
whether  these  comprise  separate  feeders  or  form  interconnectors,  or 
consist  of  branch  cables  without  switchgear  at  the  points  of  junction. 

3.  It  is  as  instantaneous  in  action  as  it  is  physioUly  possible  for  any 
cut-out  to  be, 

4.  The  apparatus  is  of  the  simplest  possible  character,  and  needs 
only  very  slight  occasional  attention  to  keep  it  in  perfect  working 
order. 

Mr.  J.  G.  Statter  :  As  a  maker  of  and  experimenter  with  relays,  I  Mr.  sutler, 
agree  with  the  author  that  the  solenoid  dashpot  form  of  time  lag  is 
more  or  less  useless  for  the  reason  that  it  "climbs  up  its  setting," 
whether  it  is  in  the  relay  form  or  applied  directly  to  the  trip  coils  of 
circuit  breakers. 
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Mr.  statter.  With  my  form  of  sucker  control  a  solenoid  or  electromagnet  is  quite 

suitable  because  of  the  entire  absence  of  back-lash,  or  slip,  but  magnets 
or  solenoids  used  in  combination  with  bellows  or  dashpots  fail  because 
a  certain  amount  of  movement  is  allowed  by  the  checking  mechanism 
before  it  exercises  any  appreciable  control.  The  movement  that  I 
have  called  "  back-lash,"  or  "slip,"  allows  the  core,  or  armature,  to  close 
up  the  air-gap  that  limits  its  power,  or,  in  other  words,  to  gain  power  at 
a  given  current, 

A  time  lag  to  control  a  solenoid  or  electromagnet  must  be  one  that 
does  not  allow  movement  to  commence,  and  not  an  appliance  for 
retarding  movement  after  it  has  commenced.  Solenoids  generally, 
however  they  are  controlled,  are  not  ideal  for  use  with  relays  or  circuit 
breaker  trip  coils  when  selective  action  is  required.  Their  power 
increases  directly  with  the  current  flowing  through  them,  which  is  not 
what  is  wanted. 

It  is  a  better  plan  to  abandon  solenoids,  and  to  design  an  electro- 
magnet that  attains  its  maximum  power  with  a  given  current,  and 
thereafter  gains  but  little  with  increase  of  current.  I  prefer  to  use 
such  a  form  of  magnet  in  combination  with  my  sucker  time  lag 
where  -  selective  action  is  desired,  and  the  three  curves  shown  are 
plotted  from  tests  made  with  a  relay  constructed  on  these  Unes. 

I  feel  grateful  to  the  author  for  calling  attention  to  the  laxity  of 
description  which  contents  itself  by  referring  to  a  time  lag  as  an 
instrument  designed  to  give  a  certain  number  of  seconds  delay.  Such 
a  description  conveys  no  meaning,  except  when  applied  to  that  form  of 
apparatus  which  gives  a  constant  time  lag  for  all  overloads,  which  form 
I  think  I  may  dismiss  as  obsolete.  The  description  of  a  time  lag  to 
givQ  a  certain  number  of  seconds  is,  however,  frequently  the  only 
information  given  by  an  intending  user  of  the  inverse  time-element 
form.  Specifications  for  time  lags  should  state  (i)  the  number  of 
seconds  required  at  a  given  overload,  and  (2)  also  the  requirements 
under  conditions  of  short  circuit.  The  first  statement  needs  no 
amplification.  As  to  the  second,  perhaps  I  should  explain  that  relays, 
or  circuit  breakers,  provided  with  time  lags  and  intended  for  use  at 
generating  and  sub-stations,  and,  in  fact,  all  breakers  in  series  with  one 
another,  which  are  desired  to  come  out  in  some  definite  order, 
must  have  their  time  lag  so  arranged  that  there  still  remains  a  small 
fraction  of  time  lag  even  under  short  circuit  conditions.  On  the  other 
hand,  circuit  breakers  for  some  purposes — such,  for  example,  as  the  pro- 
tection of  motors — are  better  arranged  to  act  instantly  at  a  predetermined 
overload,  say  two  or  three  times  the  normal  working  load  of  the  motor. 
A  circuit  breaker  provided  with  time  lag  of  this  description  can  easily 
be  arranged  to  give  as  much  as  ten  minutes'  delay  with  a  10-20  per 
cent,  overload,  as  may  be  deemed  advisable,  and  yet  have  no  lag  at  all 
when  the  overload  reaches  100  per  cent.  An  arrangement  of  this  sort 
is  obviously  preferable  to  the  use  of  time  lags  giving  some  lag  with  six 
or  seven  times  the  full  load.  Under  such  conditions  it  is  probable  that 
both  commutator  and  brushes  would  sufFer  damage  in  the  case  of  a 
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direct-current  machine.  My  excess  device  can  be  arranged  for  either  Mr.  statur. 
conditions.  Referring  to  the  curves  shown  in  the  diagram,  Fig.  C,  it 
will  be  seen  that  there  is  an  appreciable  lag  with  six  times  the  full  load, 
and  that,  although  the  experiments  have  not  been  carried  further  than 
this  point,  it  is  prol>able,  from  the  inclinations  of  the  curve,  that 
some  lag  will  remain  if  the  load  be  increased  to  twelve  times  the 
setting  load.  The  curves  shown  correspond  to  those  given  by  Dr. 
Garrard  in  Fig.  15,  but  whereas  in  Dr.  Garrard's  figure  the  settings  for 
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each  were  different,  the  curves  shown  in  my  diagram  are  all  taken  with 
the  relay  set  at  6  amperes,  or  under  much  more  arduous  conditions, 
and  it  will  be  seen  that  the  selective  order  is  preserved  throughout.  It 
would  have  been  interesting  to  know  what  would  have  been  the  result 
of  increasing  the  overloads  in  Dr.  Garrard's  experiments  and  con- 
tinuing the  curves  to  much  higher  readings  than  are  shown  in  Fig.  15. 
It  would  seem  from  the  direction  taken  by  the  first  two  curves  that 
there  is  some  possibility  of  their  meeting,  in  which  case  selective  action 
would  be  at  an  end.  I  should  have  expected  rather  better  results  from  an 
induction  type.  I  quite  agree  with  the  author  that  relays  arranged  for 
selection  action  should  have  definite  positions  for  the  setting  of  the  time 
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Mr. 
Wedmorc 


Mr.  sutler,  lag  curve.  In  the  particular  apparatus  made  by  my  firm  the  relay  form 
of  time  lag  is  adjustable  as  to  length  of  lag  by  means  of  three  or  four 
definite  positions.  In  order  to  move  from  one  position  to  another  the 
use  of  a  screwdriver  is  necessary.  The  positions  are  labelled  i,  2,  3, 
and  4,  to  enable  the  engineer  to  give  instructions  readily  regarding  the 
setting  of  such  relays  as  may  be  required  in  accordance  with  the 
position  they  occupy  on  his  system  of  mains.  The  adjustment  for 
current  is  quite  an  independent  one,  and  may  be  locked  if  desired. 
Referring  to  Fig.  8,  it  is  unfortunate  that  the  author  has  plotted  the 
percentage  of  load  required  to  operate  the  relay  ih  watts  ;  this  is  not 
what  we  wish  to  know.  It  is  value  in  current  that  an  engineer  is  con- 
cerned with  in  the  case  of  a  reverse-current  relay.  If  current  values 
are  plotted  instead  of  watts,  the  results  are  quite  different,  and  api>ear 
to  show  that  the  particular  wattmeter  movement  described  by  the 
author  is  not  desirable  in  cases  where  a  reduction  in  voltage  exceeding 
50  per  cent,  may  occur.  In  fact,  taking  into  consideration  phase  dis- 
placement, the  reverse  current  might  reach  considerable  dimensions  on 
a  reduction  in  bus-bar  voltage  of  less  than  50  per  cent,  before  such  a 
relay  would  act. 

Mr.  E.  B.  Wedmore  :  I  hold  no  brief  for  the  defence  of  the  poly- 
phase relays  referred  to  in  the  beginning  of  the  paper,  but  I  would  like 
to  point  out  one  feature  which  may  be  argued  in  their  favour.  One 
has  to  distinguish  between  an  overload  on  plant  and  a  short  circuit  due 
to  a  faulty  condition.  An  overload  on  a  3-phase  system  will  ordi- 
narily occur  on  all  three  phases.  (Of  course  there  are  systems  to 
which  that  does  not  apply.)  A  fault  which  occurs  on  all  three  phases 
is  probably  so  serious  that  the  sooner  it  is  cut  out  the  better.  A  fault 
that  occurs  on  one  phase  may  be  only  a,  momentary  fault,  and 
it  may  be  argued  that  there  is  an  advantage  in  having  a  device  set 
to  come  out  at  a  higher  current  on  such  a  fault  than  on  an  overload. 

Turning  now  to  the  solenoid  relay  of  the  bellows  type  referred  to  in 
paragraph  4  of  the  paper,  this  device,  if  I  remember  right,  has  been  the 
standard  device  for  its  purpose  of  one  of  the  largest  manufacturing 
concerns  in  the  world  for  about  seven  years  —a  concern  which  owes  its 
position  primarily,  I  think,  to  the  quaUty  of  its  engineering.  I  have  found 
an  opportunity  of  checking  the  test  results  given  on  page  591  applying 
to  this  device,  and  I  find  they  are  substantially  correct.  But  the  rating 
given  by  Dr.  Garrard  to  this  device  is  an  altogether  spurious  rating. 
The  rating  given  by  the  makers  is  3^  amperes  continuous  load.  If  the 
device  be  set  to  operate  on  generators  of  normal  guarantees,  even  at 
a  materially  lower  setting  than  that  corresponding  to  the  author's 
figures,  it  will  recover  itself  at  a  current  which  is  above  the  lowest 
current  which  the  generator  ought  to  be  allowed  to  carry.  I  do  not  know 
what  more  can  be  required  of  the  device. 

Referring  to  the  fuse-shunted  trip  coil,  I  take  a  particular  interest  in 
this  device.  It  is  suggested  in  the  paper  that  it  is  not  possible  to  obtain 
discriminating  action  with  this  device.  We  are  told  that  small  changes  of 
the  current  setting  affect  the  time  clement  enormously.    Jt  seems  to  me 
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that  is  exactly  what  is  required  to  obtain  discriminating  action ;  in  other  Ur. 


words,  one  is  able  to  obtain  material  control  of  the  time  element  without 
making  material  changes  in  the  current  setting.  In  another  place  it 
is  suggested  that  we  might  use  fuses  of  different  materials  to  attain 
the  same  end.  At  one  time  I  made  a  number  of  fuses  of  different 
materials. "^  The  supply  created  a  small  demand  at  first,  but  now  only 
the  standard  article  is  called  for.  There  is  no  demand  for  a  fuse  of  a 
second  material,  because  the  standard  fuse  has  been  found  to  answer 
all  the  requirements  of  service.  Several  of  the  largest  London  electric 
supply  companies  are  emplo)ring  this  device  very  extensively.  They  are 
companies  that  can  affotd  to  pay  a  good  price  and  get  the  best  article. 
I  do  not  suppose  there  is  any  time-limit  device  in  this  country  at  the 
present  time  that  is  protecting  the  supply  of  more  power  tlian  this 
time-limit  fuse  or  filling  the  requirements  more  satisfactorily. 

Turning  now  to  the  remarks  relative  to  cross-connected  current 
transformers,  the  same  arguments  might  be  used  for  this  method  of 
protection  as  I  applied  to  the  polyphase  relays.  It  is  quite  a  question 
whether  it  is  not  an  advantage  to  have  a  somewhat  higher  setting 
against  faulty  conditions  than  against  conditions  of  overload.  I  do  not 
quite  agree  with  the  figures  given.  An  overload  accompanied  by  a 
lag  of  60°  is  not  uncommon,  but  a  fault  accompanied  by  a  lag  of  60°  is 
quite  abnormal ;  at  any  rate,  I  may  say  I  have  never  received  any 
complaints  on  any  such  ground  where  this  device  has  been  installed 
under  my  supervision,  and,  as  is  mentioned  in  the  paper,  the  device  has 
been  very  extensively  used. 

Referring  to  the  subject  of  reverse-current  relays  for  service  on 
generator  circuits,  I  am  in  agreement  with  the  bulk  of  what  Dr. 
Garrard  says,  but  I  would  like  to  raise  a  point  with  regard  to  the 
suggested  setting.  Presuming  one  decides  that  the  complication 
introduced  in  using  such  a  device  is  justifiable.  Dr.  Garrard  suggests  a 
setting  of  10  per  cent,  with  a  time  element  The  time  element  I  think  is 
all  right.  I  had  an  opportunity  of  testing  generators  under  very  severe 
emergency  conditions  only  a  short  while  ago,  using  incidentally  a 
solenoid  form  of  relay  which  filled  all  the  conditions  laid  down  by  the 
author,  and  previously  by  Mr.  Andrews,  and  we  found  that  it  >*'as  quite 
easy,  owing  to  the  slight  oscillating  action  of  the  governors,  to  obtain 
cros>-currents  during  paralleling  amounting  to,  say,  40  per  cent  of  the 
normal  load  current.  (Such  currents  would  not  show  up  on  dead-beat 
switchboard  instruments.)  The  conditions  that  the  author  has  spoken 
of  arc  accompanied  by  cross-currents  haWng  very  much  higher  values. 
Now,  if  the  relay  is  set  at  such  a  low  value  as  10  per  cent,  such  a  large 
time  limit  must  be  put  on  it,  to  withstand  those  surges,  that  when 
really  severe  conditions  do  occur  there  is  still  a  large  residual  time 
limit  against  it  I  believe  in  setting  the  reverse  relay  very  much 
nearer  the  value  which  may  be  assigned  to  the  largest  harmless 
surging-  cross-currents  which  are  likely  to  occur,  and  then  employing 

*  For  instance,  a  fuse  was  developed  giving  for  tbe  same  minimum  fusing  current 
a  Ume  Umit  of  one-tenth  that  of  ttM  standard  at  any  overload. 


Wedmore. 
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Mr. 
Wcdmorc. 


Mr. 
Andrews. 


only  sufficient  time  limit  to  prevent  those  cross-currents  from  doing 
damage.  Turning  now  to  the  end  of  the  paper,  I  would  refer  to  the 
curve  given  in  Fig.  i6,  representing  what  we  undierstand  were  the 
final  conditions  selected  for  the  protection  of  an  individual  feeder.  It 
willbe  found  to  coincide  closely  with  the  curves  given  for  the  time 
fuses  on  page  591.  I  think  a  No.  34  fuse  wire  would  just  about  meet  the 
case.  I  suggest  going  the  whole  hog  by  abolishing  the  relay  rather 
than  the  time  limit. 

{Communicated) :  Referring  now  to  the  problem  of  automatic 
protective  devices  for  the  remote  end  of  parallel  feeders,  there  are  two 
conditions  not  fully  met  by  the  use  of  instantaneous  reverse  relays 
combined  with  the  usual  overload  time-limit  devices  at  the  generating 
end.  When  a  heavy  fault  comes  on  a  system,  especially  an  E.H.T. 
system,  the  resultant  drop  of  pressure  will  be  followed  by  heavy 
currents  feeding  back  from  sub-stations  with  running  machinery. 
Multiphase  induction  motors  even  will  sometimes  feed  back,  and 
synchronous  machinery  may  be  depended  upon  to  do  so.  This  results 
in  the  complete  disconnection  of  sub-stations  having  sound  feeders  and 
machines*  The  time  element  in  the  operation  of  the  automatics  gives 
all  synchronous  machinery  a  chance  to  get  out  of  step  and  this  often 
follows. 

Raising  the  setting  of  the  relay  may  make  matters  worse,  as  it 
inevitably  interferes  with  its  operation  on  the  heaviest  faults  accom- 
panied by  sudden  voltage  drop. 

The  system  of  interlocked  relays  described  by  Dr.  Garrard  may  be 
extended  to  cover  the  above  case,  the  interlock  being  employed 
between  discriminating  relays  installed  at  either  end  of  each  feeder. 
The  interlock  should  be  operative  if  current  is  either  forward  or 
reverse  at  both  ends  at  once.  The  device  is  then  proof  against  surges 
and  no  time  limit  need  be  employed. 

I  believe  I  was  the  first  to  design  an  alternating  reverse-current 
relay  operated  by  current  only  and  independent  of  potentials.  The 
introduction  of  the  pilot  wire  principle  by  my  colleague  Mr.  Clinker 
has  greatly  simplified  the  problem,  and  I  am  strongly  of  opinion  that 
there  is  at  present  no  discriminating  system  not  employing  pilot  wires 
which  could  be  recommended  for  protecting  the  supply  of  electricity 
in  bulk  to  London. 

Mr.  Leonard  Andrews  :  If  time  had  permitted  I  should  have  liked 
to  have  contributed  to  the  discussion  on  each  section  of  this  paper,  but 
as  it  does  not  I  will  confine  my  remarks  to  that  portion  dealing  with 
discriminating  apparatus.  One  or  two  previous  speakers  have  very 
kindly  referred  to  some  of  the  work  I  have  done  in  this  direction.  I 
should  like  to  go  back  still  further  and  give  credit  where  credit  is  due, 
namely,  to  Mr.  John  S.  Raworth.  It  was  Mr.  Ra worth  who,  sixteen 
years  ago,  first  drew  attention,  almost  in  Dr.  Garrard's  words,  to  the 
mistake  of  using  excess  current  circuit  breakers  between  generators, 
feeders,  and  transformers,  and  the  busbars  they  are  supplying.  I  had 
the  good  fortune  to  be  one  of  Mr.  Raworth's  assistants  at  that  time. 
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and  he  ^  hammered  this  principle  into  me  that  I  have  been  trying  to  Mr. 
hammer  it  into  other  people  ever  since,  until  some  of  my  friends  have  ^'"*'*^ 
been  unkind  enough  to  suggest  that  I  am  a  bit  of  a  faddist  on  the 
subject  I  should  like  to  say  that  generally  I  agree  almost  entirely 
with  the  author's  remarks.  I  am  inclined  to  think  with  him,  for 
instance,  that  it  is  better  to  use  single-pole  relays  rather  than 
compound  relays.  I  also  think  that  if  engineers  can  be  induced  to 
insert  a  relay  in  each  phase  of  a  3-phase  circuit — even  if  the 
neutral  point  is  not  earthed—a  more  satisfactory  protection  will  be 
afforded  than  it  is  possible  to  obtain  with  relays  in  two  phases  only, 
for  the  reasons  the  author  has  given.  There  is  a  good  deal  in  what 
other  speakers  have  said  against  this,  but  I  still  feel  that  Dr.  Garrard's 
arguments  are  the  stronger  in  this  respect.  Finally,  I  agree  with  the 
author  that  discriminating  relays  should  not  cut  out  of  circuit  a 
generator  driven  by  a  Corliss  engine,  if  the  steam  is  cut  off  on  one  side 
of  the  piston.  I  would  go  even  further,  and  say  that  if  the  steam  is  cut 
off  from  the  entire  engine  there  is  no  need  to  automatically  isolate  the 
plant.  If,  for  instance,  the  emergency  governor  should  be  accidentally 
tripped,  the  motoring  current  required  to  keep  the  plant  in  step  until 
the  governor  is  reset  will  not  be  more  than  lo  per  cent  of  the  full 
load  current,  and  the  supply  of  this  for  a  few  seconds  will  cause  far 
less  inconvenience  than  cutting  out  the  plant,  thereby  necessitating 
rcparalleling  under  difficult  conditions.  I  now  come  to  a  point 
in  the  paper  that  Dr.  Garrard  will,  I  know,  expect  me  to  disagree 
with  him  on,  and  that  is  the  question  of  dealing  with  the  failure 
of  a  field  circuit.  This  is  a  matter  that  Dr.  Garrard,  Mr.  Field, 
and  I  had  a  lengthy  argument  about  after  my  paper  at  Manchester 
in  1904.  In  an  article*  in  one  of  the  electrical  papers  Mr.  Field 
says  that  "relays  of  the  reverse- power  type"  which  the  author 
now  refers  to,  "will  operate  on  any  reverse  power  down  to  10  per 
cent,  of  the  full  load  of  the  circuit  This  is  found  sufficiently  sensi- 
tive to  protect  the  average  generator  if  the  field  circuit  t>e  opened 
—  the  severest  test  of  a  reverse-power  indicator."  In  my  reply  f  I 
pointed  out  that  no  reverse-power  relay  could  afford  protection  under 
such  conditions,  because  no  reversal  of  power  takes  place  when  a  field 
circuit  is  opened.  I  gather  that  Dr.  Garrard  now  admits  that  to  be  a 
fact,  for  at  the  bottom  of  page  597  he  sajrs :  "  Provided  the  set  remains 
in  synchronism,  and  the  steam  supply  is  in  order,  Ike  alicmator 
continues  to  supply  energy  to  the  system,  and  there  is  no  reason  why  it 
should  be  disconnected  from  the  busbars."  Thai  is  where  I  entirely 
disagree  with  him.  In  arguing  that  so  long  as  a  machine  is  running  in 
synchronism  there  is  nothing  to  worry  about  Dr.  Garrard  leads  me  to 
think  that  he  cannot  have  tried  the  experiment  of  opening  the  field  of 
a  generator  running  in  parallel  with  other  machines.  As  I  pointed  out 
four  years  ago,  and  the  author  now  confirms,  the  effect  of  breaking 
the  field  circuit  is  to  produce  a  very  heavy  leading  current  in  the 
fa  ilty  michine,  which  produces  an  artificial  field  of  sufficient  strength 
•  EkciricAl  Kevitw,  vol.  56*  p.  43.  1905.  f  Ibid,  p.  J06,  1905. 
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Mr.  to  keep  the  generator  in  step.    But  what  becomes  of  this   leading 

Andrews.       current?    The  bulk  of  it  circulates  through  the  armatures  of   the 
healthy  machines,  in  which  it  becomes  a  leading  current  i8o°  out  of 
phase  with  the  current  in  the  faulty  machine.    In  other  words,  it  lags 
approximately  90"  on  the  busbar  E.M.F.    The  result  is  two  or  more 
generators  connected  in  parallel,  one   having  no  direct-current  field, 
and  the  other  having  a  direct-current  field  which  is  neutralised   or 
wiped  out  by  the  enormous  reactance  of  the  lagging  current  in  its 
armature.    It  is  bound  to  follow  that  within  a  very  short  time  (with 
some  machines  almost  before  the  switchboard  attendant  has  time  to 
realise  what  is  wrong)  the  volts  on  the  entire  system  drop  down  to 
something  like  zero,  and  synchronous  motors  running  at  the  time  are 
almost  certain  to  drop  out  of  step.    Quite  apart  from  the  risk  of 
interruption  to  the  entire  supply,  there  is  considerable  danger  of  the 
generator  being  seriously  injured  by  the  heavy  leading  current.     It 
must  be  remembered  that  the  entire  energy  that  was  being  supplied 
by  the  faulty  machine  before  the  interruption  of  its  field  occurred  will 
continue  to  be  fed  into  the  busbars  as  a  leading  current  after  the  field 
has  failed,  and  if  the  power  factor  of  this  current  is)  say,  o'l  (it  may  be 
less),  the  current  in  the  armature  may  be  approximately  ten  times  as 
great  as  before  the  break  of  the  field  circuit  occurred.    This  may  be 
thought  to  be  all  theory,  but  I  would  like  to  add  that  there  have  been 
numbers  of  actual  cases  of  breakdowns  in  difiFerent  stations  due  to  the 
breaking  of  a  field  circuit,  and  I  think  a  discriminating  device  that 
does  not  isolate  a  generator  when  its  field  fails  is  almost  worse  than 
useless,  inasmuch  as  it  gives  a  false  sense  of  security.    I   am   very 
grateful  to  the  author  for  giving  us  Fig.  8,  because  it  enables  me  to 
run  to  earth  a  rumour  which  has  puzzled  me  for  a  long  time ;  in  fact,  I 
have  been  intending  to  write  to  the  author  about  it.     I  have  been  told, 
time  after  time,  that  Dr.  Garrard's  instrument  will  operate  on  a  reverse 
current  of  less  than  20  per  cent,  of  the  full-load  current  even  with  a 
potential  of  10  per  cent,  of   normal.     That  that  has  not  been   the 
author's  actual  claim  Fig.  8  makes  perfectly  clear,  but  it  is  what  has 
been  understood.    Engineers  have  been  accustomed  to  think  of,  and 
to  specify,  the  reverse  current  that  a  device  shall  operate  at  in  amperes, 
I  have  often  seen  specifications  calling  for  a  device  to  cut  out  at,  we 
will  say,  a  reverse  current  of  20  per  cent,  of  the  full-load  current  at 
normal   potential  and   perhaps  at  cent,  per  cent,  at  10  per  cent,  of 
normal  potential.     It  appears  that  Dr.  Garrard  has  been  accustomed  to 
express  the  performance  of  his  discriminating  relays  in  watts  instead 
of  in  amperes,  as  is  the  recognised  practice,  and  this,  as  Mr.  Statter  has 
already  pointed  out,  has  proved  very  misleading.   In  Fig.  D I  have  repro- 
duced Dr.  Garrard's  curve  showing  the  performance  of  his  relay  in  watts 
(shown  dotted),  and  have  plotted  above  it  another  curve  (shown  full)  in 
which  the  watts  are  reduced  to  amperes.  It  will  be  seen  from  this  current 
curve  that  the  relay  in  question,  instead  of  taking  only  20  per  cent,  of 
full-load  current  with  10  per  cent,  of  normal  pressure,  as  some  engineers 
have,  doubtless  inadvertently,  been  led  to  believe,  actually  takes  about 
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1 60  per  cent,  of  full-load  corrent  at  this  pressure  —  a  very  different  Mr. 
result    If  the  same  relay  had  been  adjusted  to  operate  with  a  reverse  ^'***'*^™- 
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Fio.  D.— Altcmaling-currcnt  Reverse  Relay— Variation  of  CilihraHon 
with  Voltage. 

current  of  30  per  cent,  of  full-load  current  at  normal  potential,  it  would 
apparently  require  a  current  of  approxinutely  five  times  the  full-load 
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Mr.  current  to  operate  it  when  the  pressure  fell  to  lo  per  cent,  of  normaL 

Andrew*.  /pj^jg  explains  why  Dr.  Garrard  has  alwa3rs  advocated  a  lo  per  cent, 
setting.  I  entirely  agree  with  Mr.  Wedmore  that  a  lo  per  cent,  setting 
is  a  great  mistake.  I  should  like  to  see  Something  like  a  30  per  cent 
setting  for  the  protection  of  generators  insisted  upon  in  all  cases.  We 
should  not  then  hear,  as  we  do  now,  that  discriminating  devices  are 
liable  to  cut  out  when  they  should  not  do  so.  Those  who  have  been 
working  with  me  have  aimed  (and  it  has  been  a  very  difficult  thing  to 
obtain),  at  getting  a  relay  that  will  operate  with  a  reverse  current  of, 
say,  30  per  cent,  of  full  load  current  with  normal  potential,  and  will  at 
the  same  time  operate  with  less  than  full  load  current  with  a  potential 
of  10  per  cent,  of  normal.  1  am  sure  that  a  relay  with  such  a 
characteristic  will  prove  to  be  far  more  reliable  under  all  conditions 
than  one  that  takes  so  much  more  current  to  operate  it  on  low 
potential  than  on  normal.  I  hope  that  in  future  when  referring  to  the 
behaviour  of  discriminating  devices,  the  author  will  give  the  reverse 
current  required  in  amperes,  and  not  in  watts,  as  much  confusion  will 
thereby  be  avoided.  Reference  has  been  made  to  the  Merz- Price 
system.  1  think  this  is  a  most  ingenious  system,  and  it  does  what 
many  of  us  who  had  previously  worked  on  reverse-current  devices  had 
been  unable  to  do — that  is,  it  deals  satisfactorily  with  ring  main 
problems.  I  am  quite  sorry  to  see  that  Dr.  Garrard  is  trying  to  use 
discriminating  cut-outs  for  protecting  ring  mains.  The  Merz- Price 
system  appears  to  be  quite  a  satisfactory  method  of  dealing  with  this, 
and  there  are  so  many  engineering  problems  remaining  to  be  solved 
that  it  seems  waste  of  energy  for  an  engineer  to  concentrate  his 
attention  upon  achieving  a  result  that  has  already  been  accomplished, 
merely  for  the  sake  of  doing  it  in  a  difiFerent  way.  On  the  other  hand, 
1  do  not  quite  agree  with  Mr.  Clothier,  who  apparently  would  have  us 
believe  that  the  Merz-Price  system  is  best  under  all  conditions.  The 
Merz- Price  system  is  not  applicable  to  the  majority  of  systems  already 
laid  down,  because  no  pilot  wires  have  been  provided.  For  ordinary 
duplicate  feeders  reliable  discriminating  devices  still  afford  the  best 
method  of  protection.  Mr.  Welbourn  has  told  us  what  induced 
Messrs.  Merz  and  Price  to  develop  their  system,  and  he  has  referred  to 
the  difficulties  they  experienced  with  discriminating  cut-outs,  adding 
that  they  had  tried  nearly  every  discriminating  device  that  had  been 
put  on  the  market.  Some  years  ago  Mr.  Merz  read  a  paper  before  this 
Institution  in  which  he  told  us  that  he  had  not  been  able  to  get  a 
reverse-current  device  that  would  work  satisfactorily.  I  told  Mr.  Merz, 
after"  that  paper,  that  I  would  guarantee  to  supply  him  with  a  device 
that  was  absolutely  reliable  ;  but  so  far  as  1  know  Mr.  Merz  has  never 
tried  one  of  my  devices.  If  he  has  ever  tried  one,  it  must  have  been 
one  of  those  that  Mr.  Wedmore  says  I  held  a  post  mortem  on  some 
years  ago.  We  have  often  endeavoured  to  persuade  him  to  do  so,  bnt  for 
some  reason  that  up  to  now  we  have  been  unable  to  understand  he  has 
fought  shy  of  our  devices.  Can  it  be  that  he  realised  that  if  he  had 
consented  to  carry  out  the  tests  we  asked  it  would  have  been  impos* 
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siblc  for  him  to  say  in  the  future  that  he  had  never  been  able  to  get  any  Mr. 
device  to  work  satisfactorily  other  than  his  own  ?  Those  speakers  who  ^ 
have  been  sinking  the  praises  of  the  Merz* Price  system  have  referred 
to  various  cases  where  it  has  worked  satisfactorily,  as  il  such  perform- 
ance was  something  remarkable  ;  but  we  had  numbers  of  cases  of  our 
devices  working  satisfactorily  and  never  failing  years  before  Messrs. 
Merz  and  Price  commenced  to  develop  their  system.  Some  of  the 
members  may  remember  that  in  1902  a  large  number  of  engineers 
and  others  visited  Hastings  to  witness  a  number  of  experiments 
demonstrating  the  complete  protection  of  generators,  transformers, 
and  feeders  by  discriminating  cut-outs.  One  experiment  consisted  of 
driving  a  nail  into  a  live  2,000-volt  feeder  supplying  current  to  a  sutv 
station  a  mile  from  the  generating  station,  the  discriminating  devices 
at  the  end  of  the  feeders  reliably  isolating  the  fault  without  interrup- 
tion to  the  supply.  It  is  unnecessary  to  say  that  I  should  not  have 
done  that  if  I  had  not  felt  very  certain  of  what  we  could  do.  That 
system  has  never  failed,  and  there  is  no  reason  why  it  should  do  so  any 
more  than  that  the  Merz- Price  system  should  fail. 

Mr.  K.  Edgcumbb  :  There  is  one  point  I  should  like  to  raise,  and 
that  is  that  nearly  all  the  author's  curves  of  time  lag  stop  at  about  three 
times  the  full  load,  a  matter  to  which  Mr.  Statter  referred.  The  important 
question  is,  What  happens  on  a  dead  short  circuit  ?  In  one  well-known 
type  of  induction  relay  (made  by  a  firm  not  a  hundred  miles  from 
Manchester)  a  damping  magnet  is  used  for  var3ring  the  time  lag,  its  posi- 
tion on  the  damping  disc  being  altered  according  to  the  time  setting 
required.  The  result  is  that  first-rate  curves  are  obtained  at  small 
overloads,  as  shown  by  I>r.  Garrard's  figures ;  but,  unfortunately,  when 
the  overload  is  fairly  large  the  disc  rotates  at  synchronous  speed,  quite 
irrespective  of  the  setting  of  the  magnet  Consequently  all  the  time- 
lags  are  the  same,  so  that  two  relays  in  scries,  one  set  for  5  seconds,  and 
the  other  for  10  seconds,  may  go  off  in  the  reverse  order.  It  seems 
to  me  essential  that  the  time  lag  should  be  independent  of  the  breaking 
force ;  that  is  to  say,  the  mechanism  should  be  set  in  motion,  and  t>efore 
making  contact  should  move  through  a  distance  depending  on  the  time 
setting. 

The  only  other  point  that  I  had  wished  to  consider  was  in  connec- 
tion with  reverse  relays,  but  it  has  been  dealt  with  by  previous  speakers. 
I  feel  it  to  be  essential  that  reverse  relays  should  be  reversc-CMrrrn/ 
relays  rather  than  reverse-power  relays.  It  is  the  current  that  docs  the 
damage,  not  the  power.  I  do  not  think  any  one  would  use  a  wattmeter 
relay  on  a  direct-current  system,  and  in  just  the  same  way  the  alter- 
nating reverse  relay  should  k>e  made,  as  far  as  possible,  independent 
of  the  pressure,  except,  of  course,  as  regards  its  direction. 

Mr.  Bernard  J  en  kin  :  I  think  one  very  important  point  has  not   Mr.jcokio. 
been  touched  on  in  this  paper,  or  by  any  of  the  speakers  to-night.    Dr. 
Garrard  states  on  page  599  that  the  reverse  relays  must  be  set,  at  the 
sub-station  ends  of  the  feeders,  sufficiently  high  to  deal  with  the 
synchronising  or  hunting  currents  between  the  sub-station  motors  and 
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the  power  house  generators.  I  think  one  has  to  go  a  good  deal  further 
than  this.  Where  there  are  a  number  of  motor-generators  in  a  sul>- 
station,  their  power  of  generating  current  by  their  inertia,  or  flyurhed 
effect,  is  so  great  that  one  has  to  treat  the  sub-station  as  if  it  contained 
as  large  generators  as  the  power  station.  Many  of  the  troubles  with 
reverse-current  relays  can,  I  think,  be  explained  by  taking  into  account 
the  power  that  can  be  generated  at  the  sub-stations  in  this  way  and 
retiu^ned  to  the  power  station. 

In  Fig.  lo  the  interconnector  between  two  sub-stations  is  provided 
with  a  pilot  wire,  so  that  current  can  flow  in  either  direction  ^tbout 
disconnecting  the  cable.  The  feeders  between  the  power  house  and 
the  sub-stations  should  be  provided  with  pilot  wires  in  the  same  way, 
otherwise  the  reverse-current  relays  at  the  sub-station  ends  of  the  feeders 
will  open  at  once  on  a  short-circuit  or  excessive  load  at  any  point  of  the 
system. 

We  have  constantly  found  that  not  only  do  the  reverse-current  relays 
on  the  feeders  open  in  this  way,  but  that  the  maximum  cut-outs  on  the 
motors  at  the  sub-stations  open,  and  also  the  maximum  cut-outs  on  the 
feeders  at  the  power  station.  In  a  system  such  as  shown  in  Fig.  lo. 
but  with  the  interconnector  disconnected,  it  frequently  happens  that 
one  sub-station  will,  by  generating  power,  feed  back  into  the  p>owcr 
house,  and  from  the  power  house  into  the  second  sub-station,  when  a 
fault  or  short  circuit  occurs  at  the  latter  point. 

There  is  one  other  point  I  would  like  to  refer  to,  and  that  is  that  with 
a  time  limit  one  might  possibly  obtain  what  is  wanted  by  going  a 
step  further  than  Mr.  Statter  has  gone,  as  shown  in  his  diagram,  namely, 
by  using  an  inverse  time  element  which  would  act  instantaneously  on 
short  circuit,  but  instead  of  opening  the  switch  would  bring  into  action 
a  fixed  time  limit,  which  could  be  set  with  absolute  certainty,  to  open 
the  main  switch.  The  fixed  time  limit  could  be  a  very  small  fraction 
of  a  second,  but  it  would  make  quite  certain  that  maximum  cut-outs 
connected  in  series  would  open  in  the  desired  order  on  the  occiurence 
of  a  short  circuit.  At  present  cut-outs  connected  in  series  usually  all 
open  on  short  circuit,  as  the  setting  of  the  time  element  cannot  apparently 
discriminate  except  at  moderate  overloads. 

Mr.  W.  P.  J.  Orton  and  Mr.  G.  North  {communicated) :  Referring 
to  the  second  paragraph  of  Dr.  Garrard's  paper,  it  would  be  interesting 
to  know  further  particulars  of  the  polyphase  wound  relay  with  the  single 
moving  element,  as  this  design  would  not  appear  to  be  in  such  common 
use  as  the  author  states. 

We  do  not  think  the  author's  remarks  on  solenoid  relays  are  altogether 
correct.  No  doubt  there  are  relays  of  this  type  which  can  be  made  to 
float  in  the  manner  described  ;  but,  if  the  movable  iron  plunger  and  the 
pole-piece  to  which  it  is  attracted  are  properly  designed  and  other 
mechanical  details  correctly  proportioned,  a  solenoid  relay  can  be  made 
to  work  with  practically  no  danger  of  floating.  It  is  obvious,  of  course, 
in  both  the  solenoid  and  disc  types  of  relay,  that  if  the  overload  comes 
on  again  in  such  a  short  space  of  time  the  mechanism  cannot  reset 
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itself,  then  the  relay  will  operate  with  a  very  short  time  limit  in  the  Mr.  Orton. 
second  case.    This,  however,  is  in  our  opinion  an  advantaj^c,  as  an 
intermittent  short  of  this  description  should  be  disconnected  from  the 
circuit  with  the  least  possible  delay. 

By  the  disc  type  of  relay  referred  to  above  we  mean  the  relay 
acting  on  the  induction  principle  in  which  a  disc  is  caused  to  rotate 
between  the  poles  of  an  electromagnet  by  means  of  the  eddy  currents 
set  up  in  the  former. 

We  are  quite  in  agreement  with  the  author's  remarks  as  to  a  time  limit 
being  obtained  with  trip  coils  shunted  by  fuses.  This  is  a  very  cheap 
and  satisfactory  method  for  controlling  motors  or  small  subsidiary 
circuits,  but  it  would  be  bad  practice  to  install  such  a  device  on  a 
network  of  feeders. 

Referring  to  Fig.  8,  we  would  point  out  that  the  author's  description 
would  lead  the  reader  to  believe  that  the  alternating-current  reverse 
relay  described  acted  on  a  drop  in  voltage  without  a  corresponding 
increase  in  current,  but  on  referring  to  the  above-mentioned  figure  it 
will  be  noted  that  the  ordinates  are  represented  in  watts — that  is  to  say, 
that  since  the  relay  acts  at  lo  per  cent  of  fulMoad  watts  with  full 
voltage,  it  will  act  about  10*5  per  cent,  of  full-load  watts  when  the  volts 
have  dropped  40  per  cent  This,  therefore,  means  that  the  current  will 
be  practically  doubled,  and  is  the  result  which  would  naturally  be 
expected  with  a  wattmeter  relay. 

We  note  that  the  author  s  method  of  protecting  interconnector 
cable  has  the  advantage  over  the  Merz-Price  system  of  employing  only 
one  pilot  wire  ;  but,  since  from  Fig.  8  the  reverse  rcla>'s  proposed  are 
dependent  solely  on  the  actual  power  in  watts  passing  through  them,  it 
would  be  possible  when  the  sub-station  voltage  fell  to  a  very  low  value 
tliat  the  current  required  to  actuate  the  relay  would  be  so  great  that  the 
inverse  time  element  maximum  relays  in  series  with  the  fault  would  act 
before  the  relays  in  question,  thus  shutting  down  the  whole  or  part  of 
the  supply  without  isolating  the  faulty  inter-connector. 

From  Fig.  10  we  notice  that  the  author  recommends  time  element 
maximum  relays  with  varying  time  element  in  series,  and  whilst  we 
agree  that  this  is  the  best  method  of  protecting  distribution  in  sub- 
station systems,  we  would  point  out  that  it  is  the  subject  of  Mr.  Still  well's 
Patent  No.  25422  of  1899. 

Mr.  H.  Bevis  (communicated) :  With   regard  to  the  discussion  on   Ur.  Bcrim. 
Dr.  Garrard's  paper,  I  can  quite  confirm  the  statement  that  3-phase 
relays  are  not  good  practice,  and  that  three  separate  relays  should  most 
certainly  be  used. 

I  think  that  the  solenoid  relays  which  Dr.  Garrard  tested  must  have 
evidently  been  of  inferior  design,  as  I  notice  that  they  have  11 -volts 
drop,  whilst  there  is  no  difiiculty  in  making  relays  to  work  with  a  much 
lower  voltage  drop.  I  note  also  he  points  out  that  a  detrimental 
feature  of  the  solenoid  relajrs  he  tested  was  the  variation  in  the 
magnetic  reluctance  of  the  circuit  due  to  the  different  positions  of  the 
plunger.    It  may  t>e  that  the  relay  tested  has  a  return  iron  circuit, 
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Mr.  BevU.  whilst  if  the  circuit  is  mostly  air,  the  flux  is  rendered  proFK>rtionate  to 
the  current.  Relays  can  be  made  with  the  return  circuit  of  air,  in 
which  case  the  defects  mentioned  above  would  be  greatly  minimised. 

I  do  not  agree  with  the  criticisms  on  the  solenoid  relay  put  forward 
by  Dr.  Garrard  ;  my  experience  is  that  they  are  very  reliable  owing  to 
the  fact  that  they  have  no  revolving  parts,  pivots,  or  axles  to  stick  ;  in 
fact,  there  is  little  or  nothing  to  get  out  of  order,  and  a  good  deal  of 
power  is  obtained.  The  overload  and  time  adjustment  of  a  solenoid 
relay  can  be  made  quite  independent  just  as  readily  as  any  other  typc:^, 
whilst  the  cost  of  manufacture  is  very  much  less. 

Another  point  in  connection  with  the  solenoid  type  of  relay  is  that  it 
does  not  require  such  careful  handling  on  the  part  of  the  station  engi- 
neers as  the  induction  type,  which,  at  the  best  of  times,  is  a  somewhat 
delicate  instrument. 

An  important  point  that  is  entirely  overlooked  by  the  author  is,  that 
a  reverse-current  relay  with  a  wattmeter  movement  lacks  all  provision 
for  differences  in  power  factor  ;  that  is  to  say,  a  reverse-current  relay 
set  to.  work  at  a  given  current  with  a  power  factor  of  unity  requires 
twice  the  reverse  current  at  a  power  of  0*5.  I  do  not  know  whether 
the  author  has  any  suggestion  or  device  for  providing  for  this,  but 
otherwise  this  would  seem  to  be  a  most  important  defect  with  the  use 
of  reverse-current  relays. 

I  do  not  consider  it  good  practice  to  have  a  time  limit  on  a  reverse- 
current  relay,  because  the  small  reversals  that  take  place  during 
synchronising  are  negligible  ;  on  the  other  hand,  what  is  required  is  a 
device  that  takes  care  of  a  big  reversal,  and  when  such  a  reversal  does 
take  place  there  should  be  no  time  limit  intervening,  and  it  should  t>e 
instantaneous. 

I  would  say,  in  conclusion,  my  opinion  is  that  the  present  tendency 
is  that  the  central  station  engineer  is  somewhat  inclined  to  put  in  too 
many  automatic  devices.  Taken  in  moderation,  they  are  essential 
for  central  station  work,  but  multiplication  of  such  devices  is  not  to  be 
desired,  and  only  the  smallest  number  necessary  should  be  installed. 
Dr.  Garrard.  Dr.  C.  C.  Garrard  (in  reply) :  Mr.  H.  W.  Clothier  condemns  tlie 
use  of  the  maximum  current  inverse  time  element  and  reverse  power 
system  of  protection,  and  states  that  the  Merz  and  Price  system 
is  the  only  perfect  one.  Now,  I  quite  admit  that  the  Merz  and  Price 
system,  when  a  pilot  wire  is  essential,  as,  for  example,  for  the  pro- 
tection of  an  interconnector  cable,  is  a  very  good  system.  It  is, 
however,  not  so  simple  as  it  looks,  as  can  be  seen  from  a  comparison 
of  the  original  patent  specifications  and  the  descriptive  publications 
recently  issued  by  the  manufacturers  who  supply  this  gear.  The 
great  disadvantage  of  the  Merz  and  Price  system  is  the  large 
number  of  pilot  wires.  For  each  3-phase  interconnector  three 
pilot  wires  are  necessary.  The  proposal  to  extend  this  system  of  pro- 
tection to  all  feeders,  all  transformers,  and  all  other  apparatus,  will 
result  in  a  tremendous  complication  of  the  controlling  gear.  In  my 
opinion,  a  pilot  wire  should  only  be  used  when  it  is  absolutely  essentiaL 
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It  will  be  noticed  that  the  system  I  have  described  in  paragraph  i6only  Dr.  Garrard, 
entails  the  use  of  one  pilot  wire  under  all  circumstances,  which  is  cer-w 
tainly  an  advantage,  as  it  simplifies  the  gear  very  much.  For  the 
protection  of  ordinary  feeders,  I  think  the  standard  system  of  an 
inverse  time  element  maximum  circuit  breaker  on  the  outgoing  end, 
and  an  instantaneous  reverse  relay  at  the  incoming  end,  is  quite  satis- 
factory. Many  hundreds  of  feeders  are  protected  in  this,  or  a  very 
similar,  manner,  and  when  the  system  is  properly  carried  out,  and  the 
circuit  breakers  correctly  graded,  satisfactory  results  are  obtained. 

Mr.  Clothier  refers  to  alternating  reverse  "current"  relays.  I  think 
the  correct  designation  should  be  alternating  reverse  *'  power  "  relays. 
No  doubt,  in  the  past,  many  unsatisfactory  devices  have  t)een  put  on 
the  market,  and  I  would  think  that  the  bad  results  obtained  by  Mr. 
Merz  were  obtained  with  apparatus  designed  on  wrong  lines,  which  has 
brought  the  system  into  some  dificredit.  The  object  of  my  paper  is  to 
show  how  the  system  should  be  carried  out  in  order  to  secure  successful 
results.  Mr.  Clothier  raised  objections  to  my  system  for  interconnector 
protection  on  the  ground  that  (compare  Fig.  qb)  should  the  feeder 
connecting  S,  to  O  be  broken,  then  the  interlocked  reverse  relays 
would  not  protect  the  cable  S,  to  S^  In  reply,  I  would  point  out  that 
the  system  is  specifically  for  the  protection  of  interconnectors.  In  the 
case  Mr.  Clothier  mentions,  the  cable  S,  to  S,  is  not  an  interconnector 
at  all,  but  simply  an  on-going  feeder.  Under  normal  conditions,  how- 
ever, the  cable  S,  to  S^  is  an  interconnector.  Should  now  it  be  desirable 
to  run  with  the  cable  S,  to  G  broken,  then,  whether  the  protective 
arrangements  on  the  mterconnector  will  be  operated  or  not,  will  depend 
upon  whether  or  not  power  can  flow  back  into  the  interconnector  from 
S,.  This  will  depend  upon  the  class  of  machine  running  in  the  sub- 
station S,.  If  the  sub-statioH  S,  cannot  feed  back  power  into  the  inter- 
connector, then  when  the  cable  S,  to  S^  is  used  as  an  on-going  feeder 
the  pilot  wire  should  be  disconnected,  and  the  other  protective  devices 
on  the  system  reUed  upon  for  protection. 

I  would  point  out  that  it  would  not  be  safe  to  rely  upon  the  Merz- 
Price  system  alone  for  the  protection  of  all  feeders.  With  this  system 
the  feeders  are  not  protected  against  plain  overload.  Like\^'ise,  the 
protection  given  only  extends  up  to  the  current  transformers,  which  are 
generally  and  properly  installed  on  the  line  side  of  the  switches.  Should 
now  a  switch  break  down,  or  a  short  circuit  develop  between  sub-station 
busbars,  or  on  the  wiring  of  the  sulvstation  switchboard,  the  Merz- Price 
system  will  not  save  the  situation  as  such  a  fault  simply  overloads  the 
cable  and  does  not  unbalance  the  protective  devices,  so  that  they  experi- 
ence no  tendency  to  operate.  I  think,  therefore,  th;it  maximum  circuit- 
breaking  apparatus  is  a  necessity  in  addition  to  the  Merz-I*rice 
system. 

Ag.iin,  if  this  system  be  the  only  one  .idopted,  tlic  circuit  is  not  pro- 
tected against  overloads  in  any  way  wliatevcr,  I  think  it  is  as  ncccss^iry 
to  protect  the  cable  against  overloads  as  it  is  to  protect  a  generator  or 
motor.    With  the  Merz- Price  system  only  in  force  a  cable  could  be 
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Dr.  Garrard  Overloaded  until  it  was  burned  out  and  yet  not  be  disconnected  from 
the  system. 

Mr.  Clothier  also  showed  a  line  of  five  sub-stations  fed  by  one  rin^ 
main,  and  two  feeders  only  for  all  the  five  sub-stations.  I  think  this  i- 
carrying  matters  rather  too  far,  as,  it  will  be  seen,  a  simultaneocs 
breakdown  on  the  two  feeders  will  result  in  all  the  five  sub-station-> 
being  shut  down. 

Mr.  Welbourn  also  spoke  of  the  Merz-Price  system,  and  the  ^ema^k^ 
I  have  made  in  answer  to  Mr.  Clothier  will  also  apply  here.  I  am 
pleased  to  hear  of  the  success  of  the  system,  and  that  in  twenty-  caso 
it  has  been  known  to  operate  satisfactorily.  Of  course,  this  is  rather  a 
limited  experience,  and  not  anywhere  nearly  as  large  as  the  expcriena. 
I  have  had  with  the  maximum  and  reverse  circuit-breaker  system  of 
protection.  I  would  say  that  the  interlocked  reverse  relay  described 
in  paragraph  i6  does  not  operate  quite  instantaneously. 

Mr.  Statter  refers  to  the  curves  given  in  Fig.  15,  and  thinks  that 
these  might  cross  if  the  currents  through  the  relays  themselves  had 
been  plotted.  This,  however,  is  not  so.  The  three  curves  in  Fig.  15 
are  not  intended  to  be  calibration  curves  of  circuit  breakers  in  sene^ 
with  each  other,  and  do  not  correspond  to  the  curves  given  by  Mr. 
Statter  in  Fig.  C.  They  (Fig.  15)  are  intended,  on  the  other  hand,  to 
be  calibration  curves  of  circuit  breakers  controlling  outgoing  feeders, 
such  that  the  sub-station  motor  circuit  breakers  (calibration  curve, 
Fig.  16)  will  always  open  before  the  feeder  circuit  breakers.  Which 
of  the  three  curves  in  Fig.  15  will  be  used  will  depend  upon  the  normal 
carrying  capacity  of  the  cable.  The  curves  in  Fig.  15  illustrate  how 
with  these  relays  the  current  calibration  is  independent  of  the  time 
calibration.  If  Mr.  Statter  will  take  the  curves  given  in  Figs.  15  and 
16,  and  divide  the  horizontal  co-ordinates  by  the  ratios  of  the  current 
transformers  used,  he  will  find  that  he  will  obtain  a  similar  system  of 
curves  as  exhibited  by  him,  and  they  will  never  cross  one  another.  Of 
course,  when  maximum  inverse  time  element  circuit  breakers  are  in 
series  with  each  other,  when  a  heavy  short  comes  on,  the  order  in 
which  these  circuit  breakers  operate  depends  upon  the  minimum  time. 
The  induction-type  relay,  after  a  certain  current  is  reached,  gets  into 
synchronous  speed  and  never  goes  any  quicker ;  thus  it  always  has  a 
true  minimum  time  which  can  be  used  for  grading  purposes.  This  i< 
a  property  shared,  as  far  as  I  am  aware,  by  no  other  type  of  device. 

Mr.  Statter  has  misunderstood  the  reference  to  50  per  cent,  in 
paragraph  10.  If  he  will  refer  to  the  paragraph  again  he  will  sec  that 
I  have  pointed  out  that  the  reverse  relay  described  does  not  var>- 
materially  in  its  calibration  down  to  10  per  cent,  of  the  normal  voltage. 
As  a  fall  of  potential  lower  than  50  per  cent,  of  the  normal  voltage,  due 
to  a  failing  generator,  is  not  to  be  expected,  it  will  be  seen  that  there  i*i 
a  large  margin  of  safety. 

I  am  glad  to  hear  that  Mr.  Wedmore  is  discarding  the  scheme  of 
connections  shown  in  Figs.  5  and  7.  Mr.  Wedmore  also  states  that 
when  a  fault  occurs  on  a  3-phase  feeder  it  always  affects  two  phases 
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at  least.  I  can  well  believe  this  if  the  system  of  protection  had  Dr.  Ganord 
been  as  given  in  Fig.  5.  An  earth,  for  instance,  on  a  3-phase  feeder 
very  often  only  involves  one  phase  first.  If  the  feeder  be  not  dis- 
connected, however,  the  other  phases  are  very  soon  involved  also. 
With  a  proper  system  of  connections,  on  the  other  hand,  the  feeder  is 
cut  off  without  the  other  two  phases  being  damaged  at  all,  and  this  is 
very  much  more  satisfactory  than  allowing  the  fault  to  spread  to  two 
or  more  phases  before  the  protecting  apparatus  can  come  into  operation. 

As  regards  the  fuse-shunted  trip  coils  (Fig.  4),  I  regard  it  as  abso- 
lutely essential  that  the  time  calibration  and  the  current  calibration  of 
a  circuit-breaking  device  be  capable  of  adjustment  independently  of 
each  other.  Mr.  Wedmore  states  that  this  can  be  done  by  using  fuses 
of  different  materials.  I  do  not  think,  however,  this  is  correct  A 
paper  recently  presented  to  this  Institution  by  Professor  Schwartz  and 
Mr.  James  on  *'  Fuse  Phenomena"  throws  some  light  on  this  question, 
and  in  the  communication  I  made  to  that  discussion  I  have  shown  that 
it  is  impossible  to  adjust  satisfactorily  fuse-shunted  trip  coils  independ- 
ently of  the  current  caUbration  by  altering  the  material  of  the  fuse 
wire  (compare  Figs.  21  and  23  of  Professor  Schwartz  and  Mr.  James's 
paper,  Journal,  vol.  41,  pp.  68-69). 

As  regards  the  setting  of  reverse  relays  on  generators,  I  have  found 
the  10  per  cent  setting  to  be  satisfactory.  With  this  setting  the  maxi- 
mum current  which  can  flow  into  the  generator  on  a  reversal  of  energy 
can  never  be  so  large  as  to  be  dangerous,  that  is,  never  more  than  about 
three  times  full  load  under  the  worst  possible  conditions.  Of  course,  if 
the  rcfvcrsal  of  energy  into  the  generator  exceed  10  per  cent,  consider- 
ably, the  time  element  is  very  small.  The  residual  time  element  with 
the  reverse  relays  I  have  used  is  about  half  a  second.  It  can  be  made 
less  if  desired,  though  I  do  not  think  it  advisable. 

I  certainly  agree  with  Mr.  Andrews  that  credit  should  be  given  to 
Mr.  Raworth  for  the  early  work  he  did  in  this  connection.  Mr.  Andrews 
is  strongly  of  the  opinion  that  the  reverse  circuit  breaker  on  the  gene- 
rator should  cut  the  generator  off  if  the  field  current  of  the  generator 
fails  independently  of  the  direction  of  flow  of  power  between  the 
machine  and  the  busl)ars.  I  do  not  agree  with  this.  Also,  1  do  not 
think  there  is  any  need  to  agree  with  it,  as,  if  the  failure  of  the  field 
current  is  a  tiling  to  be  guarded  against  at  all  costs,  obviously  the 
simplest  thing  to  do  is  to  put  a  very  simple  relay  in  the  field  circuit  of 
the  generator,  which  will  have  the  effect  of  opening  the  main  circuit 
breaker  when  the  field  current  fails.  Such  an  appanitus  would  only 
cost  a  few  shillings.  In  my  view  the  reverse  device  on  a  generator 
should  be  a  reverse-power  device,  and  should  only  cut  the  generator 
off  when  the  same  has  ceased  to  fulfil  its  proper  function,  that  is,  to 
deliver  power  to  the  busbars. 

Mr.  Andrews  refers  to  reverse  "current"  devices.  For  alternating 
circuits,  however,  this  is  a  very  loose  term,  as,  in  order  to  give  it  a 
definite  meaning,  one  must  give  the  power  factor  of  the  current.  In 
my  view  the  reverse-power  device,  if  set  for  10  per  cent,  of  the  normal 
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Dr.  Garrard,  full  load  of  the  generator,  will  cut  the  generator  ofiF  when  it  should  be 
cut  off,  and  under  no  condition  would  it  cut  it  off  when  it  should  not 
be  cut  off.  This  is  a  characteristic  not  common  to  any  other  tyi>e  of 
reverse  device  with  which  I  am  familiar. 

The  curve  which  Mr.  Andrew's  has  deduced  from  Fig.  8  is  very 
interesting,  but  1  do  not  quite  see  the  point  of  it.  All  it  shows  is  that 
with  a  lo  per  cent,  setting,  and  a  voltage  down  to  one-tenth  of  its  normal 
value,  the  current  necessary  to  operate  the  relay  would  be  about  50  per 
cent,  above  full-load  current.  This  is,  of  course,  nothing  at  all  serious, 
and  is  perfectly  obvious.  The  reverse  relay  in  question  is  a  wattmeter, 
and  for  a  certain  watt  setting,  if  the  volts  are  low,  the  current  is  high, 
and  vice  versa.  The  point  is  that  with  a  10  per  cent,  setting  the  size  of 
the  current  can  never  be  dangerously  large.  It  would  greatly  interest  me 
if  Mr.  Andrews  would  publish  a  calibration  curve  of  his  reverse  "  current  ** 
device  taken  under  the  sanle  conditions  as  that  in  Fig.  8  of  the  paper. 

Mr.  Andrews  is,  of  course,  right  in  his  interesting  exposition  of  what 
occurs  when  the  field  of  a  generator,  running  in  parallel  with  others,  is 
broken,  except  that  I  do  not  think  the  busbar  voltage  can  drop  to  zero  ; 
I  think  a  drop  of  50  per  cent,  would  be  nearer  the  mark.  The  only 
difference  between  Mr.  Andrews  and  my  own  views  on  this  question  is 
that  Mr.  Andrews  thinks  that  a  reverse  device  should  not  only  o{>eratc 
on  a  reversal  of  power,  but  also  on  forward  power  with  a  leading 
current.  This  has  the  disadvantage  that,  under  certain  conditions, 
although  there  will  be  a  true  reversal  of  power,  the  device  v«ll  not 
operate.  A  true  reverse-power  device  will  only  operate  on  power 
reversal.  It  is  a  pity  to  spoil  this  simple  action  by  endeavouring  to 
guard  against  the  failure  of  the  field  without  a  reverb  of  power.  This 
could  easily  be  met  by  the  very  simple  field-circuit  relay  I  have  sug- 
gested above.  The  very  fact  that  this  very  obvious  course  has  never 
been  adopted  shows,  I  think,  that  the  danger  to  which  Mr.  Andrews 
refers  is  more  hypothetical  than  real. 

As  regards  what  Mr.  Andrews  says  as  to  the  "  recognised  practice  " 
of  expressing  the  performance  of  alternating  discriminating  relays  in 
amperes,  this  may,  or  may  not  be,  correct ;  but,  at  any  rate,  it  is  a  bad 
practice,  and  one  that  I  have  been  agitating  against  for  a  long  time. 
The  performance  of  an  alternating-current  device  cannot  be  expressed 
in  amperes  unless  the  power  factor  be  given  hkewise.  I  am  an  advocate 
of  simplicity  in  these  matters.  If,  as  I  contend,  the  direction  of  flow 
of  power  in  the  cable  joining  the  generator  to  the  busbar  is  the 
criterion  of  action,  or  inaction,  of  the  reverse  device,  then,  obviously, 
the  calibration  of  the  same  should  be  expressed  in  watts.  In  spite  of 
what  Mr.  Andrews  says,  I  can  say  that  practical  tests  show  that  the 
wattmeter  relay  I  have  mentioned  acts  with  actually  less  current  at  low 
potentials  than  some  other  reverse  '*  current "  devices  with  which  it  has 
been  compared.  This  not  by  reason  of  any  difference  in  principle, 
but  simply  because  a  wattmeter  relay  can,  ipso  facto,  be  made  to 
have  a  more  deHcate  setting  than  solenoid  and  such  types  of  relajrs. 

As  regards   Mr.    Edgcumbe's    remarks   as   to   the    times  of    the 
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maximum  relay  on  a  dead  short  circuit  ;  as  stated  before,  if  the  relay  is   Dr.  Garrard, 
constructed  on  the  induction  principle,  there  is  a  definite  minimum 
time  corresponding  to  synchronous  speed.    This  minimum  time  can  be 
varied  at  will  on  an  induction  type  relay  by  altering  the  length  of 
travel  of  the  suspended  weight. 

I  am  exceedingly  interested  in  Mr.  Bernard  Jenkin's  remarks 
regarding  the  extremely  large  power  which  he  has  found  can  flow  back 
from  sub-stations  when  a  fault  develops  on  a  cable  system.  I  take  it 
this  was  with  synchronous  motor  sub-stations.  As  I  have  said  in  the 
paper  in  paragraph  12,  the  feeder-end  reverse  power  relay  should  be 
set  proportionately  higher  than  the  reverse  power  relay  on  the  generator. 
The  precise  value  at  which  it  should  be  set  must  depend  upon  circum- 
stances. Possibly,  in  some  cases,  it  might  be  set  as  high  as  100  per 
cent,  of  the  normal  full  load  of  the  feeder. 

In  reply  to  Messrs.  Orton  and  North  I  would  say  that  the  polyphase 
wound  relay  has  been  adopted  more  by  Continental  manufacturers  than 
by  British  manufacturers.  Regarding  what  they  say  about  Mr. 
Still  well's  work  in  1899,  his  arrangement  was  certainly  a  very  ingenious 
one,  and  contained  some  of  the  underlying  ideas  in  the  present  sys»tem 
of  maximum  inverse  time  element  circuit  breaker  protection.  It  might 
be  pointed  out,  however,  that  Mr.  Stillwell  proposed  to  use  a  fixed  time  • 

for  all  overloads.  The  present  practice  is  to  use  a  time  element 
inversely  proportional  to  the  overload  for  all  ordinary  overloads,  with  a 
fixed  minimum  time  for  short  circuits.  Secondly,  the  arrangement 
shown  in  Mr.  Stillwell's  patent  had  the  disadvantage  that  if  the  over- 
load only  endured  for  a  fraction  of  the  time  element  of  the  circuit 
breaker,  the  clock  timing  mechanism  would  go  on  working  and  would 
probiibly  cause  the  switch  to  open  circuit.  In  fact,  an  instantaneous 
surge  of  current  would  set  working  the  clock  mechanisms  of  all  the 
switches  in  series,  and  probably  some,  or  all,  would  be  opened  at  the 
end  of  the  times  to  which  they  are  set,  independently  whether  the 
overload  had  gone  off  again  or  not. 

Mr.  Bevis  asks  if  the  solenoid  relay  referred  to  in  Fig.  2  had  an 
iron  return  circuit  In  answer,  I  would  say  that  it  had.  I  am  pleased 
to  hear  of  the  success  Mr.  Bevis  has  had  with  the  solenoid  type  of 
relay.  I  should  be  glad  of  an  opportunity  to  test  one  of  these.  As 
regards  the  effect  of  power  factor  on  a  wattmeter  relay,  of  course,  the 
lower  the  power  factor  the  larger  is  the  current  required  to  work  it 
This,  however,  docs  not  matter, as  the  function  of  the  device  is  to  guard 
against  reversals  of  direction  of  tlow  of  power.  As  regards  the  pro- 
vision of  a  time  element  on  the  generator  reverse  relay,  the  conclusions 
I  have  come  to  arc  given  in  paragraph  8  of  the  paper,  though,  doubtless, 
there  is  considerable  force  in  what  Mr.  Bevis  says. 

The  Chairman  (Mr.  W.  H.  Patch  ell)  :  Gentlemen,  I  am  sure  you  The 
will  join  with  mc  in  according  a  very  hearty  vote  of  thanks  to  Dr.  chairman.   ^ 
Garrard  for  his  paper. 

The  rc^solution  of  thanks  was  carried  with  acclanution. 
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Proceedings  of  the  Four  Hundred  and  Eightieth 
Ordinary  General  Meeting  of  the  Institution  of 
Electrical  Engineers,  held  in  the  Rooms  of  the 
Royal  Society  of  Arts,  John  Street,  Adelphi, 
on  Thursday  evening,  May  21,  1908,  Colonel 
R.   E.  Crompton,  C.B.,   President,  in  the  chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on  May  14, 
1908,  were  taken  as  read  and  confirmed. 

The  list  of  candidates  for  election  into  the  Institution  was  taken  as 
read,  and  it  was  ordered  that  it  should  be  suspended  in  the  Library. 

The  following  list  of  transfers  was  announced  as  having  been 
approved  by  the  Council  :— 

TRANSFERS. 

From  the  class  of  Associate  Members  to  that  of  Members — 
William  Cramp.  |  F.  J.  G.  Holden. 

G.  F.  Pilditch. 

From  the  class  of  Associates  to  that  of  Members — 
John  P.  Gregory. 

From  the  class  of  Associates  to  that  of  Associate  Members — 
F.  W.  Page.  I  Harvey  Whittle. 

From  the  class  of  Students  to  that  of  Associate  Members — 
W.  Gillespie.  |  J.  P.  Tierney. 

Messrs.  Roger  T.  Smith  and  L.  T.  Healy  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members,  and,  at  the 
end  of  the  meeting,  the  following  were  declared  to  have  been  duly 
elected  : — 

ELECTIONS. 

As  Associate  Alanbers, 

Thomas  Cleghorn  3ailHe.  I  William  Henry  Frazer. 

John  Sisson  St.  George  Cooper     I  J.  Lustgarten,  M.Sc. 

Leonard  Canton  Morris. 
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As  Students, 


James  Brander. 
Edwin  Arthur  Corbin. 
Harry  Cross. 
Sydney  Holbrook  Crow. 
Francis  Dc  Lautour. 
James  J.  Fitzsimons. 
Fred  James  (libson. 


Clifford  Higgins. 

Alfred  Hutt. 

Aian  Lee. 

Thomas  Brook  Richardson. 

Frederic  John  Stevenson. 

Hugh  Pilgrim  P.  Trimingham. 

Frank  Rowland  D.  Wickham. 


The  following  paper  was  read  and  discussed  : — 
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RECENT    PROGRESS    IN    TUNGSTEN    METALLIC 
FILAMENT   LAMPS, 

By    H.    Hirst,    Member. 

{Paper  received  April  9,  and  ^ead  in  London  on  May  21,  1908.) 

During  the  past  few  years  a  great  deal  of  attention  has  been  paid 
both  by  chemists  and  electrical  engineers  to  the  construction  of 
metallic  filament  lamps  for  incandescent  electric  lighting.  Ever  since 
the  advent  of  the  Nernst  lamp  with  its  oxide  filament,  chemists,  scien- 
tists, and  lamp  makers  have  felt  instinctively  that  the  supremacy  of  the 
carbon  filament  lamp  was  seriously  challenged.  The  efforts  made 
have  been  attended  with  more  or  less  success,  yet  it  may  be  news  to  a 
large  number  of  electrical  engineers  of  the  younger  generation  that  the 
metallic  filament  lamp  is  one  of  the  oldest  forms  of  electric  lighting. 
In  fact,  incandescent  electric  lighting  commenced  with  metallic  fila- 
ment lamps,  platinum  being  the  incandescent  body.  Such  lamps  were 
made  long  before  the  Edison  or  the  Swan  carbon  filaments  were 
invented.  Several  inventors  worked  on  these  lines,  and  Edison  espe- 
cially endeavoured  to  perfect  a  lamp  in  which  a  thin  platinum  wire 
raised  to  white  heat  by  the  current  formed  the  illuminating  body. 

These  lamps  were,  however,  never  a  commercial  success,  because 
the  melting-point  of  platinum  is  only  slightly  higher  than  that  tempera- 
ture to  which  it  has  to  be  raised  for  the  economical  production  of  light. 
In  consequence  the  life  of  the  filaments  was  short,  and  the  slightest 
increase  in  the  voltage,  which  was  extremely  difficult  to  prevent  in 
those  days,  was  sufficient  to  melt  the  filament.  Attempts  were  made  to 
overcome  this  defect  by  automatic  arrangements  to  cut  out  the  lamps 
should  the  voltage  rise  to  a  point  likely  to  melt  the  filament. 

Even  in  1880  we  find  Edison  *  trying  to  further  improve  the 
platinum  lamp.  Maxim  f  in  1881  describes  and  claims  a  thermo- 
regulator  designed  to  prevent  the  overheating  and  consequent  melting 
of  the  platinum  filament.  In  the  same  year  Maxim  J  described  a  pro- 
cess of  producing  carbon  bodies  for  illimiinating  purposes  which  were 
flashed  in  carbonaceous  vapours  with  a  view  of  improving  them. 

It  was  in  1881  that  the  carbon  filament  lamp  came  to  the  front  and 

•US.  patent  No.  2t7,229,  i88a 
f  U.S.  patent  No.  247,380,  1881. 
\  German  patent  No.  13,383,  1881. 
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stopped  the  researches  and  experiments  in  connection  with  the  perfec- 
tion of  the  then  existing  metallic  filament  lamps.  It  was  only  after  a 
lapse  of  nine  years  that  the  next  American  patent  dealing  with  a  new 
metallic  filament  lamp  made  its  appcafance — this  was  the  Poland 
patent  No.  432,710,  of  1890,  for  the  iridium  lamp. 

There  were  two  predominant  reasons  for  the  immediate  success  of 
carbon  as  a  glow-lamp  filament. 

1.  It  could  not  be  melted,  and  in  this  respect  had  an  enormous 
advantage  over  any  of  the  then  known  metals.  Platinum  had  at  that 
time  the  highest  melting-point  of  any  of  the  then  available  metals 
which  could  be  made  into  a  thin  wire,  but  this  temperature  is  much 
lower  than  that  which  a  carbon  filament  will  stand  for  a  prolonged 
period  in  a  vacuum. 

2.  Carbon  has  also  a  very  high  specific  resistance  as  compared  with 
any  of  the  metals  then  available.  The  question  of  the  distribution  of 
current  was  a«t  that  time  of  great  importance,  and  it  was  even  then 
recognised  to  be  a  difficult  problem  to  distribute  large  currents  at  a 
low  pressure  over  a  considerable  area. 

Due  to  its  high  specific  resistance  carbon  was  found  to  be  a  most 
suitable  material  from  which  to  produce  illuminating  txKlies  to  be 
incandesced  by  a  small  current  at  a  high  voltage. 

When  first  introduced  the  cart>on  filament  lamps  were  made  for  cir- 
cuits of  50  to  60  volts,  but  improvements  .in  manufacture  soon  increased 
the  standard  to  1 10  volts.  The  bulk  of  the  pioneering  work  in  central 
station  supply  was  carried  out  at  this  voltage,  but  it  was  found  that  as 
the  distribution  networks  were  extended  over  large  areas  the  great  cost 
of  attaining  constant  voltage  was  hampering  the  spread  of  electric 
lighting.  The  mains  absorbed  such  a  large  proportion  of  the  total 
capital  outlay  of  a  supply  system  that  it  was  found  necessary  to  raise 
the  pressure  of  distribution  in  order  to  keep  down  the  cost  of  electrical 
energy  to  a  reasonable  figure. 

The  3-  and  5-wire  continuous-current  systems  invented  by  the  late 
Dr.  Jolin  Hopkinson,  and  the  high-pressure  alternate  current  with  step- 
down  transformers,  helped  to  extend  the  period  during  which  no- volt 
lamps  could  be  used.  In  spite  of  these  means  of  reducing  the  cost  of 
the  distributing  networks  and  feeders,  the  engineers  of  the  electric 
supply  companies  and  of  the  municipal  authorities  encouraged  the 
incandescent  lamp  makers  to  develop  higher  voltage  lamps.  As  a 
result  the  200-250-volt  lamps  made  their  appearance  in  the  early 
nineties,  and  by  the  middle  of  that  decade  were  adopted  com- 
mercially. 

Although  these  lamps  were  not  as  efficient  as  those  for  the  lower 
voltages,  they  saved  so  much  in  the  cost  of  distribution  that  the  supply 
companies  were  able  to  reduce  the  cost  of  clcctricjil  cnergv*  to  those 
consumers  using  them.  These  lamps  have  since  been  so  far  improved 
in  efficiency  as  to  meet  all  requirements,  and  they  were  officially  recog- 
nised by  the  Board  of  Trade  Regulations  issued  in  1901,  which  enabled 
the  supply  undertakers  to  enforce  their  use  on  all  consumers. 
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Some  Recent  Inventions  and  Developments  in  the  Metallic 
Filament  Lamp.^ 

When  the  carbon  incandfescent  lamps  were  6rst  hitrodnced  they 
had  to  compete  with  the  flat-flame  gas  burners,  and  a  glance  through 
the  earlier  estimates  of  the  comparative  costs  of  electric  and  gas  light- 
ing shows  that  these  gas  burners  were  then  considered  as  the  standard 
illuminant.  With  the  high  price  of  electricity  it  was  the  very  great 
convenience,  beauty,  and  safety  of  the  carbon  lamp  which  enabled 
electric  lighting  to  make  the  progress  it  did.  As  this  price  of  electricity 
was  lowered  with  extended  use,  the  carbon  lamp  had  to  face  a  much 
stronger  competitor. 

The  incandescent  gas  mantle  invented  by  Auer  von  Welsbach 
suddenly  reduced  the  cost  of  gas  lighting  to  one-third  of  what  it  had 
been  before.  Electric  lighting  has  survived  this  blow  and  made  pro- 
gress, but  this  progress  during  the  last  ten  years  has  been  severely 
handicapped  by  the  cheapness  of  incandescent  gas  lighting. 

It  is  worthy  of  note  that  a  considerable  number  of  gas  engineers 
considered  that  Welsbach  mantles  would  ruin  their  undertakings 
because  they  reduced  the  consumption  of  gas  for  a  given  amount  of 
light  by  one-third.  Sufficient  time  has  now  elapsed  to  show  how 
absurd  their  prophecies  were. 

It  is  of  far  greater  interest  to  electrical  engineers  to  know  that  Auer 
von  Welsbach  by  his  invention  of  the  osmium  lamp  has  removed  the 
handicap  which  he  placed  on  the  electrical  industry.  Thus  what  he 
has  taken  away  with  one  hand  his  inventive  genius  has  enabled  him  to 
return  with  the  other. 

The  existence  of  incandescent  gas  lighting  has  not  only  had  a 
damaging  but  also  a  stimulating  influence  on  the  development  of 
electric  lighting.  The  quiet  peculiar  radiation  of  the  incandescent  gas 
mantle,  which,  as  is  well  known,  consists  of  thorium  oxide  containing 
I  per  cent,  of  cerium  oxide,  has  been  the  subject  of  numerous  researches 
which  have  furthered  the  purely  theoretical  knowledge  of  radiation. 
Very  careful  experiments,  especially  the  now  famous  investigations  of 
Lummer,  have  shown  that  bodies  exist  which  at  the  same  temperature 
radiate  as  light  a  larger  percentage  of  the  supplied  energy  than  the 
so-called  **  black  bodies."  The  Welsbach  mantle  owes  its  high 
efficiency  to  this  property. 

The  success  of  these  oxides  of  the  rare  earths  in  gas  lighting  led  to 
their  application  to  electric  lighting,  as  has  been  done  in  the  Nernst 
lamp.  The  first  English  patent  for  this  lamp  was  applied  for  by 
Nernst*  on  August  23,  1897,  and  in  one  of  the  claims  it  is  stated  that — 

"  A  body  of  magnesia,  zirconia,  or  suitable  rare  oxide  is  heated  to 
incandescence  by  a  Bunsen  gas  flame  or  otherwise  and  is 
then  kept  incandescent  by  the  passage  of  electric  current 
through  it," 

•  British  patent  No.  19,427,  1897. 
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called  the  "  coating"  process  was  protected  by  Drs.  Just  and  Hanaman 
in  their  British  patent  No.  11,949  of  1905. 

These  fundamental  patents  appear  to  protect  the  processes  accord- 
ing to  which  tungsten  filaments  can  be  manufactured  commercially  at 
the  present  time. 

Before  passing  on  to  the  details  of  manufacture,  I  desire  to  mention 
the  patents  of  some  other  inventors.    Amongst  these  are — 

Heany  (American  patent  No.  839,585)  who  proposes  to  use  an  alloy 
of  tungsten  with  titanium. 

Kuzel  (British  patent  No.  28,154  of  1904)  suggests  the  manufacture 
of  glowing  bodies  from  colloidal  metals. 

British  Thomson-Houston  Company  (British  patent  No.  18,749  of 
1906  and  subsequent  patents)  describes  the  manufacture 
of  filaments  of  tungsten  with  the  help  of  volatile  metals 
or  alloys,  chiefly  amalgams,  which  could  be  drawn  into 
wire.  It  will  be  interesting  to  watch  the  progress  of  this 
suggestion. 

Zcrning  (British  patent  No.  2,554  of  1906)  claims  the  use  of 
hydrogen  and  nitrogen  compounds  of  tungsten  as  the 
materials  from  which  to  construct  tungsten  filaments. 

As  far  as  I  know,  the  hydrogenous  compounds  of  tungsten  have 
never  been  described  by  a  chemist,  and  from  the  information  I  have 
been  able  to  obtain  the  statement  of  Sir  Henry  Koscoc  still  stands.  In 
his  famous  work  **  Elements  of  Chemistry  "  he  refers  to  the  treatment  by 
Bcrzelius  of  tungsten  trioxide  in  a  current  of  hydrogen. 

I  understand  that  the  result  of  the  experiments  of  this  famous 
scientist,  which  were  confirmed  by  his  French  contemporary,  Moissan, 
was  the  production  of  nothing  but  pure  tungsten  powder  without  any 
trace  of  hydrogenous  compound  being  formed. 

As  Zeming's  experiments  were  directed  towards  the  same  object,  it 
would  denote  a  wonderful  achievement  if  he  should  have  produced  a 
result  which  is  not  described  in  any  scientific  work  and  which  the 
above  eminent  authorities  found  to  be  impossible. 

The  nitrogenous  compounds  are  well  known,  and  it  is  proved  that 
they  cannot  exist  at  the  high  temperature  at  which  the  filaments  have 
to  be  burned.  The  patent  description  is  not  very  clear,  but  indicates 
that  Zerning  intends  to  make  use  of  the  ** paste"  process,  thus  producing 
filaments  containing  probably  carbon  or  carbide. 

After  a  careful  consideration  of  all  the  patents  on  the  subject.  I 
believe  I  am  right  in  maintaining  that  of  the  multitude  of  processes 
that  have  t>een  applied  for  and  tried  since  the  first  application  of  the 
Deutsche  Gasgluhlicht  Aktiengcsellschaft  and  the  Just  and  HananlliQ 
patents,  these  two  alone  have  during  the  last  two  years  produced  to  the 
world  commercial  and  useful  lamps.  By  this  1  mean  lamps  of  such 
characteristici  as  regards  current  consumption,  life,  and  light  as  to 
inaugurate  a  new  epoch  in  the  electric  lighting  industry. 
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It  has  been  ascertained  that  all  metallic  filaments  burning  at  a 
consumption  of  one  watt  per  candle  have  been  made  with  tungsten 
filaments.  If  ever  so  small  percentages  of  other  substances  are  added 
to  the  tungsten,  the  economy  and  useful  life  of  lamps  with  such  filaments 
suffer  immediately. 

"Osram"is  the  name  under  which  the  Auer  Company  introduced 
the  first  commercial  tungsten  metal  filament  lamp. 

The  osram  lamp  is  manufactured  by  the  "  paste "  process,  the 
principle  of  which  consists  in  preparing  from  solid  substances,  such 
as  the  metals  themselves,  in  the  most  finely  divided  form,  a  paste  with 
binding  or  stiffening  agents  such  as  the  gums,  dextrine,  and  other 
similar  bodies.  Such  a  mass  has  the  consistency  of  putty,  and  is  then 
squirted  through  a  very  fine  orifice  in  a  diamond,  with  a  pressure  of 
several  tons  per  square  inch.  The  result  of  the  squirting  operation  is 
that  one  obtains  a  somewhat  moist  thread,  which,  however,  has  enough 
coherence  to  be  formed  into  filaments  that  do  not  break  wliile  being 
dried. 

The  filaments  are  first  heated  under  exclusion  of  air  and  then 
possess  sufficient  strength  to  be  held  in  metal  clamps.  They  are  then 
subjected  to  the  passage  of  an  electric  current  which  raises  them  to  a 
high  temperature,  causing  the  filaments  to  sinter.  The  process  of 
sintering  is  carried  out  in  gases  which  chemically  attack  all  the  con- 
stituents of  the  binding  agent,  without  the  metal  being  affected,  so 
that  eventually  a  filament  of  pure  metal  remains.  This  filament  is 
dense  and  homogeneous,  but  being  obtained  by  a  sintering  process  it 
is  different  in  structure  from  the  still  denser  metal  which  would  be 
obtained  from  a  melted  mass. 

Auer  von  Welsbach*  describes  a  method  for  the  manufacture  of 
an  electrical  illuminating  body  of  osmium  by  sintering  the  most  finely 
divided  metal  at  such  a  high  temperature  that  platinum  would 
evaporate,  which  temperature  destroys  the  binding  material  used 
in  the  manufacture  of  the  threads.  The  filament  so  obtained  with- 
stands a  very  high  temperature,  but  it  is  still  of  a  more  or  lesb 
spongy  or  porous  constitution  ;  very  metallic,  but  nearly  solid.  The 
difference  of  the  filament  of  the  osram  lamp,  which  is  pure  tungsten 
metal,  from  the  filaments  of  the  osmium  lamp,  shows  itself  by  the 
following  characteristics.  Owing  to  the  higher  melting-point  of 
tungsten,  an  osram  filament  will  stand  a  temperature  at  least  loo^  C. 
higher  than  the  osmium  filament.  Their  spedfic  resistance  and  resist- 
ance coefficients  differ  and  there  is  considerable  difference  in  their 
radiation  properties.  The  colour  oi  the  osram  filament  is  a  steel  to  a 
silver  grey,  whilst  the  osmium  filament  has  a  bluish-grey  appearance. 

When  preparing  osram  filaments  for  lamps  of  120  volts,  22  to 
27  c.p.,  burning  at  an  efficiency  of  about  1*1  watts  per  candle-power, 
taking  02  to  0*25  amperes,  the  diameter  of  the  filaments  is  0*03  mm. 
The  jet  from  which  this  filament  is  squirted  is,  of  course,  much  larger. 
As  an  example  : — 

♦  British  specification  1,535  of  1898,  and  German  patent  138,135. 
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The  diameter  of  the  jet  at  point  of  issue  from 

the  diamond  is  about  ^*<^55  '""^• 

The  thread,  after  being  squirted,  shrinks  to, 

when  dried 0050    „ 

After  it  has  been  heated  to  a  red  heat  under 
exclusion  of  air,  it  becomes  a  very  porous 
filament,  with  a  diameter  of         0*045    »> 

When  this  is  sintered  by  the  passage  of  an 
electric  current,  which  raises  it  to  the 
brightest  white  heat,  its  length  is  reduced, 
and  it  finally  shrinks  down  to  a  diameter 
of         0030    „ 

The  shrinkage  is  caused  by  the  removal  of  the 
carbon  and  other  material  forming  the 
organic  binding  medium,  which  originally 

amounted  to 84  per  cent. 

of  the  volume  of  the  paste. 

It  follows  that  during  the  whole  process  84 
per  cent,  of  the  original  volume  must 
disappear,  and  the  shrinkage  corresponds 
to  a  Unear  contraction  of 55         „ 

It  is  easy  to  alter  the  amount  of  shrinkage  by  selecting  suitable 
proportions  of  the  binding  medium  or  by  adding  volatile  substances 
which  disappear  on  heating. 

During  this  hiating  process  the  filament  is  fastened  in  clamps  and 
placed  in  globes  or  other  arrangements  containing  certain  gases.  The 
heating  is  effected  by  the  electric  current  to  a  gradually  increasing 
amount,  and  while  the  thread  decreases  in  length  and  diameter,  it  at 
the  same  time  allows  the  passage  of  increased  currents.  This  is  due  to 
the  sintering  of  the  particles  and  also  to  the  filament  being  freed  from 
carbon,  which  even  in  minute  quantities  increases  its  resistance.  The 
process  is  controlled  by  the  operator,  who  has  a  voltmeter  and  ammeter 
to  guide  him.  The  current  increases  rapidly  at  first,  but  reaches  a 
constint  value  within  a  few  minutes.  This  is  common  to  all  sintering 
processes,  and  the  same  phenomena  are  observed  with  osmium,  iridium, 
or  molybdenum  filaments. 

The  filament  so  obtained  is  elastic  but  brittle,  that  is,  the  osram 
thread,  0*03  mm.  diameter,  can  be  bent  into  a  loop  of  about  one  centi- 
metre diameter  without  breaking.  After  this  bending  it  returns  to  its 
original  form.  Kuch  filament  is  fastened  on  to  its  leading-in  wires 
without  the  application  of  any  paste. 

This  is  ciuried  out  in  the  following  way  :  The  end  of  the  leading-in 
wire  is  melted  down  to  a  small  globule  by  means  of  an  electric  arc. 
This  globule  hold^^  the  filament  securely,  and  the  resistance  from  the 
pas>age  of  the  current  from  the  leading-in  wire  to  the  filament  is 
neghgible. 

The  cittiuation  of  ike  tamp  is  carried  out  in  the  same  way  as  with 
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carbon  filament  lamps.  Any  process,  mechanical  or  chemical,  is  suit- 
able, but  it  is  found  that  any  traces  of  the  gases  occluded  in  the  tungsten 
filament  escape  much  more  slowly  than  in  the  case  of  the  carbon 
filament.  The  result  is  that  the  evacuation  process  requires  a  longer 
time  with  the  osram  than  with  the  carbon  filament  lamp. 

The  other  method  of  constructing  tungsten  filaments  was  developed 
by  Drs.  Just  and  Hanaman  simultaneously  with,  but  quite  indepen- 
dently of,  the  Deutsche  Gasgliihlicht  Aktiengesellschaft.  Their  lamp 
was  introduced  commercially  under  the  name  "  Just-Wolfram."  They 
use  what  is  known  as  the  "  coating  process,"  as  described  in  the  British 
patents  11,949  of  1905  and  3,684  of  1906.  This  interesting  process  is 
carried  out  as  follows  :  Ordinary  carbon  filaments  of  very  small 
diameter,  0*02  to  o*o6  mm.,  are  raised  to  a  bright  red  heat  by  means 
of  an  electric  current  in  an  atmosphere  of  volatile  tungsten  compounds 
in  the  presence  of  hydrogen.  The  compounds  most  used  are  the 
chjprides  and  oxychlorides  of  tungsten. 

The  heat  of  the  filament  causes  the  hydrogen  to  reduce  the  volatile 
metallic  compounds,  depositing  the  metal  in  homogeneous  condition 
on  the  carbon  filament. 

A  later  patent  discloses  a  process  whereby  three  or  more  filaments 
are  coated  in  series  at  one  operation.  After  the  filaments  have  been 
coated  in  this  way,  their  transformation  into  pure  tungsten  filaments  is 
carried  out  as  follows  : — 

The  filaments  are  submitted  to  the  action  of  an  electric  current  in 
an  atmosphere  of  highly  rarefied  inert  gas,  such  as,  for  example, 
hydrogen  at  a  pressure  of  about  20  mm.,  until  they  show  the  cleare>»t 
white  incandescence.  This  process  causes  the  carbon  to  combine  with 
the  tungsten  surrounding  it,  forming  a  carbide.  This  change  is  so 
complete  that  in  the  resulting  filament  the  cross-section  is  tubular,  and 
no  carbon  can  be  distinguished  under  a  microscope  at  the  point  of 
fracture.  The  filaments  so  obtained  containing  carbon  (mostly  as 
carbide)  present  a  glittering  white  metallic  appearance. 

In  the  next  process  they  are  raised  to  a  high  temperature  through 
the  passage  of  an  electric  current  while  they  are  surrounded  by  a 
mixture  of  hydrogen  and  a  little  steam.  This  causes  the  carbon  to  be 
oxidised  by  the  same  reactions  which  go  on  in  the  water-gas  process. 
The  carbon  may,  however,  be  eliminated  by  any  other  method  which 
gives  a  resulting  filament  entirely  free  from  carbon.  Further  improve- 
ments of  this  process,  first  described  in  the  British  patent  11,949  of 
1905,  have  been  disclosed  in  the  British  patent  3,684  of  1906. 

Drs.  Just  and  Hanaman  have  also  obtained  patents*  protecting 
the  process  of  mounting  their  tungsten  filaments  to  the  leading-in 
wires.  This  is  effected  by  means  of  a  paste  consisting  of  finely  divided 
tungsten  metal  mixed  with  coal  tar  or  gum.  These  paste  mounts  are 
dried  and  finally  made  red  hot  by  any  suitable  means  before  the 
filament  is  heated  in  the  bulb. 

The  supports  used  in  these  lamps  are  made  of  suitable  metal. 
*  British  p.itent  No.  9,349  of  1906. 
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Exhausting  is  done  in  a  manner  similar  to  that  employed  for  carbon 
lamps. 

The  filaments  made  by  this  process  have  a  light  grey  silvery  appear- 
ance and  a  little  smoother  surface  than  those  made  by  other  methods ; 
in  fact,  they  most  nearly  approach  the  appearance  of  a  drawn  wire. 

Though  this  process  is  entirely  different  from  the  "  paste"  process, 
the  final  result  in  each  case  is  a  pure,  sintered  filament  of  tungsten 
metal.  The  sole  difference  is  that  the  filament  made  by  the  Just  and 
Hanaman  process  is  tubular.  As  regards  economy,  the  tunj^steii  or 
osram  lamps  produced  by  either  of  the  above  described  processes 
have  identically  the  same  characteristics. 

It  has  been  proved  that  the->c  lamps  will  burn  for  from  1,000  to 
2,000  hours  with  a  consumption  of  about  i  watt  per  candle-power, 
without  any  appreciable  falling  off  in  the  candle-power.  Of  all  the 
metals  which  have  been  experimented  with  up  to  now,  only  pure 
tungsten  has  such  a  life. 

In  economy,  the  result  is  also  better  than  has  been  obtained  with 
other  filaments  thus  : — 

The  osmium  filament  takes  1-5  watts  and  the  tantalum  17  watts 
for  direct  current,  and  somewhat  more  for  alternating. 

Oi'TPUT  AND  Efficiency. 

In  the  following  comparisons  between  the  osram  and  cirbon  lamps 
I  have  adopted  the  Hefner  candle-power  in  every  case,  as  this  has  so 
far  been  the  standard  mostly  used  when  metallic  filament  lamps  have 
been  discussed.  At  the  present  it  is  found  next  to  impossible  to  try  to 
standardise  metallic  filament  lamps  per  candle-power.  It  would  make 
the  Lamp  commercially  impracticable. 

The  metallic  filament  lamps  resemble  in  characteristics  more  the 
incandescent  gas  mantle  than  carbon  filament  lamps,  and  there  is, 
therefore,  nothing  unreasonable  in  demanding  a  similar  treatment  for 
them  as  is  accorded  to  the  incandescent  gas  mantle.  The  n0rm.1l 
efficiency  of  both  osram  and  Just  and  Hanaman  lamps  of  all  voltages 
is  about  I  watt  per  candle-power.  At  such  efficiencies  they  burn 
1,000  hours  without  a  perceptible  decrease  of  candle-power. 

The  following  figures  give  a  comparison  between  the  energy  taken 
and  power  radiated  from  the  surfaces  of  o^ram  and  carbon  filaments  : — 

The  filament  of  a  25-c.p.  osram  lamp,  consuming  per  mean  hori- 
zontal candle-power  vi  watts,  has  a  total  surface  of  about  50  sq.  mm., 
which  equals  per  candle-power  2  sq.  mm.,  or  per  watt  of  supplied 
cncrgv*,  I  8  sq.  mm.  A  good  surfaced  carbon  filament  consumes  per 
mean  horizontal  candle-power  3*5  watts  =  j>er  candle-power  5*5  sq,  mm., 
or  per  watt  of  supplied  energ>'  1*57  sq.  mm.  It  results,  therefore, 
that  I  sq.  mm.  surface  of  osram  filament  gives  0*5  c.p.,  and  consumes 
0*55  watt.  I  sq.  mm.  surface  of  carbon  filament  gives  0*182  c.p.,  and 
consumes  0*63  watt. 

Vou  41.  42 
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Radiation. 

It  will  be  seen  from  the  above  figures  that  the  osram  61atticnt 
radiates  only  87  per  cent,  of  the  energy  radiated  by  an  equal  surface 
of  the  carbon  filament,  but  gives  275  per  cent,  of  the  light  given  by  the 
carbon  filament. 

If  the  kind  of  radiation  were  the  same  in  both  cases  the  carbon 
filament  ought  to  get  hotter  than  the  osram  filament  by  about  60°  C, 
because  of  the  higher  total  radiation  per  unit  of  surface.  On  the  other 
hand,  considering  the  greater  light  emanating  from  the  osram  filament, 
it  ought  to  exceed  the  carbon  filament  by  about  200°  C. 

These  contradictory  conclusions  show  clearly  how  different  is  the 
radiating  power  of  the  osram  filament  as  compared  with  the  carbon 
filament.  The  latter  behaves  much  more  like  the  *'  black  body  "  of  the 
radiation  theory. 

From  approximate  calculations  the  temperature  of  an  osram  fila- 
ment burning  at  i"i  watts  per  candle-power  is  about  250°  C.  higher 
than  that  of  a  carbon  filament  burning  at  3*5  watts  per  candle-power. 
If  a  carbon  filament  were  to  be  overrun  to  such  an  extent  as  to  con- 
sume only  IT  watts  per  candle-power,  its  temperature  would  then 
have  to  be  raised  by  360°  C. 

The  favourable  radiating  properties  of  the  osram  filament,  therefore, 
mean  that  its  temperature  is  100°  lower  than  that  of  a  carbon  filament 
of  the  same  efficiency.  If  it  were  not  so  possessed  of  this  radiating 
property  it  would  have  to  be  burnt  at  an  efficiency  of  1*5  to  i"6  watts 
per  candle-power,  in  order  that  it  might  have  the  same  life  it  actually 
possesses  at  i*i  watts  per  candle-power. 

A  further  favourable  property  possessed  by  all  tungsten  filaments  is 
their  high  positive  temperature  coefficient  of  electrical  resistance.  If  one 
takes  the  resistance  of  carbon,  tantalum,  osmiimi,  and  tungsten  fila< 
ments  at  ordinary  temperatures,  the  resistances  at  those  temperatin-es 
which,  in  a  vacuum,  correspond  to  1*5  watts  per  candle  will  be  a^r 
follows : — 

For  a  carbon  filament 0*55  of  the  original. 

For  a  tantalum  filament  ...  570  times. 
For  an  osmium  filament  ...  8*50  times. 
For  a  tungsten  filament ii'oo  times  the  original. 

At  temperatures  of  about  2,200°  C.  absolute,  each  increase  of  tem- 
perature of  10°  increases  the  resistance  of  a  tungsten  filament  about 
o*45  per  cent. 

If  the  pressure  is  raised  from  100  to  104-5  volts,  the  current  rises 
from  I  to  1*027  amperes. 

For  a  carbon  filament  the  amount  of  the  increase  would  be  from  i 
to  1*05  amperes. 

The  total  energy  supplied,  therefore,  rises  in  the  former  case  about 
7*3  per  cent.,  and  in  the  latter  about  97  per  cent. 

Near  the  normal  conditions  the  light  of  a  carbon  filament  lamp 
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rises  and  falls  with  the  6-3  power,  that  of  a  ti^nj^stcn  filament  lamp  with 
the  3*6  power,  of  the  voltage. 

The  latter  differences  are  too  great  to  be  explained  by  the  increase 
of  energy-  caused  by  the  change  of  pressure. 

220— 
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Fig.  I. 


The  small  changes  in  the  light  of  the  osram  lamp,  as  compared  with 
a  carbon  lamp  for  the  same  change  of  voltage,  can  only  be  completely 
explained  by  the  supposition  that  with  a  change  of  energy  the  rsuliated 
light  is  altered  in  a  different  way  \iith  the  two  lamps.  A  simple 
calculation  shows  that  near  the  normal  efficiency  the  light  of  a  carbon 
lamp  changes  with  the  third  power  of  the  enerj^^*,  whilst  such  change 
for  an  osram  lamp  progresses  viith  2*3  power  of  the  energy.    These 
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proportions  have  a  very  important  practical  consequence,  which  is 
clearly  shown  by  the  accompanying  curve  (Fig.  i)  and  Table  I. 

Table  I. 


Osram. 

Carbon, 

Increase  of  light  due  to  loper  cent. } 
increase  in  voltage           f 

Decrease  of  light  due  to  6  per  cent. ) 
decrease  of  voltage           ) 

36  per  cent. 
21 

84  per  cent. 
34 

It  will  be  seen  that  the  osram  lamp  is  much  less  affected  by  change 
in  voltages.  Thus,  if  the  pressure  is  decreased  by  6  per  cent,  from  the 
normal,  the  light  from  a  carbon  filamenj  lamp  is  reduced  so  much  that 
it  is  a  considerable  drawback,  whilst  the  reduction  of  light  from  the 
osram  lamp  is  not  considerable. 

High -VOLTAGE  Lamps. 

High-voltage  metallic  filaments  of  the  osram  type  have  recently 
been  put  upon  the  market,  manufactured  both  by  the  D.G.A.  and  the 
Just-Hanaman  processes.  A  number  of  these  have  been  tested  in 
commercial  use  and  under  special  conditions  to  ascertain  their  life. 
From  the  results  obtained,  the  average  life  of  a  i-watt  i-c.p.  lamp 
seems  to  be  between  800  and  1,000  hours.  During  this  period  there  is 
no  appreciable  drop  in  candle-power,  and  the  lamps  have  shown  them- 
selves to  be  equally  good  as  the  low- voltage  osram  or  Just  lamps. 
These  high-voltage  lamps,  made  for  from  200  to  250  volts,  require 
double  the  number  of  filaments  used  in  the  low- voltage  lamps.  It  is 
evident,  therefore,  that  they  cannot  be  produced  for  small  candle- 
power.  Up  to  the  present  40-  to  50-c.p.  is  about  the  lowest  unit  that 
has  been  obtained  in  a  commercial  lamp,  and  some  extraordinary 
development  or  discovery  will  have  to  be  made  before  that  candle- 
power  can  be  largely  reduced. 


The  Use  of  iio-volt  Lamps  on  220-voLT  Circuits. 

In  so  far  as  the  lamp  is  different  from  the  carbon  lamp,  it  will, 
therefore,  always  be  necessary  to  rely  on  scries  running  whenever  low 
units  of  light  are  required  on  high-voltage  circuits ;  thus,  for  public 
lighting  (especially  for  the  lighting  of  large  spaces),  the  convenience  of 
one  lamp  will  be  apparent,  and  people  will  stretch  a  point  to  use  50-c.p. 
for  such  purposes  whenever  they  can  ;  but  for  the  use  of  private  houses 
and  confined  spaces  it  will  always  be  necessary  to  revert  to  lamps 
burning  in  series.. 

To  meet  this  demand,  elaborate  arrangements  have  been  made  at 
the  Osram  Works  for  testing  lamps  that  will  run  in  series.    They  are 
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tested  to  one-hundredth  of  an  ampere,  and  sorted  out  in  from  five  to 
seven  scries  numbers  according  to  the  type  of  lamp  and  carefully- 
marked,  and  the  reference  numbers  (ranging  from,  say,  28  to  38,  which 
arc  marked  on  the  caps  of  all  lamps  singled  out  for  series  burning) 
practically  mean  the  consumption  of  cur- 
rent is  0*028,  0*029,  0*030,  0031,  etc.,  of  an 
ampere. 

This  running  of  osram  lamps  in  series  can 
be  avoided  to  a  very  large  extent  in  those 
areas  where  the  supply  is  given  on  the 
alternate-current  system.  In  such  cases, 
where  the  wiring  of  the  premises  to  be 
lighted  is  carried  out  on  the  sub-circuit 
phmiple  (as  recommended  in  the  wiring 
rules  of  this  Institution),  it  is  an  easy  matter 
to  group  up  the  circuit  into  two  halves, 
and  to  connect  these  halves  in  scries.  If  it 
could  be  insured  that  there  would  be  always 
an  equal  number  of  lights  burning  in  each 
of  the  groups  of  circuits  connected  in  series 
in  this  way,  nothing  further  need  be  done. 
As  this  is  not   possible  in  most  cases,  an 

auto-transformer  has  to  be  added,  and  connected  up  as  shown  in  Fig.  2. 
These  tungsten  filament  lamps  burn  equally  well  on  either  continuous 
or  alternating  current,  and  are  quite  independent  of  both  frequency 
and  wave-form. 

The  Effect  of  Metallic  Filament  Lamps  on  Supply  Systems. 

Fears  have  been  expressed  by  some  electrical  engineers  that  the 
introduction  of  these  osram  lamps  will  seriously  affect  the  finances  of 
supply  undertakings.  As  I  pointed  out  in  the  introduction  of  this 
paper,  exactly  the  same  fears  were  expressed  by  gas  engineers  when 
WcUbach  mantles  were  introduced,  which  enabled  the  gas  required  to 
produce  a  given  quantity  of  light  to  be  reduced  to  one-third  of  that 
previously  used.  These  fears  proved  groundless,  and  the  demand  for 
gas  increased  instead  of  decreased.  I  feel  confident  that  the  same 
result  will  follow  the  commercial  use  of  the  metallic  filament  lamp.  It 
secm>  hkely  that  the  introduction  of  these  lamps  will  mean  an  increase 
of  100  per  cent,  in  the  unit  adopted  for  electric  light.  Sixtcen-c.p. 
carbon  lamps  will  be  replaced  by  25  to  35  watt  tungsten  lamps,  and  those 
places  m  which  a  low  illumination  is  desired  will  still  be  supplied  with 
carlH)n  filament  lamps  of  2 J,  5,  and  perhaps  8  c.p.  As  it  is  not 
practicable  at  present  to  make  osram  lamps  for  1  lo-volt  circuits  of  a 
lower  candle-power  than  25,  it  is  likely  that  in  small  rooms  greater 
illumination  will  have  to  be  used.  Where  Kvger  spaces  have  to  be 
lighted,  it  is  easily  possible  to  obtain  the  present  illumination  by  using 
fewer  lamps,  but  I  think  that,  with  the  cheaper  light,  the  general 
tendency  will  be  towards  higher  illumin.ition. 
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Generally  speaking,  I  do  not  think  that  the  metallic  filament  lamp 
■^will  decrease  the  current  consumption  of  existing  consumers  to  the 
extent  expected,  but  will,  instead,  lead  to  a  large  increase  in  the  amount 
of  illumination.  At  the  same  time  the  high  efficiency  of  the  lamp, 
compared  with  all  other  forms  of  lighting,  will  turn  the  scale  in  the 
favour  of  the  use  of  electric  light  rather  than  other  illuminants.  Station 
engineers  will  find  that  the  increased  load  from  new  consumers  will 
more  than  make  up  for  the  decreased  consumption  of  existing  ones. 
This  conclusion  has  already  been  proved  to  be  correct  by  Mr.  C.  F. 
Sparks,  Mr.  A.  H.  Seabrook,  and  others. 

As  has  been  the  case  with  so  many  new  inventions,  so  the 
tungsten  lamp  on  its  introduction  had  to  run  the  gauntlet  of  many 
reproaches  on  the  part  of  the  more  conservative  elements  in  our  pro- 
fession. I  think  it  well  to  allude  as  fully  as  possible  to  what  have 
been  termed  the  disadvantages  of  the  lamp.  Amongst  these  is  the 
burning  in  vertical  posiiion,  which  up  to  now  has  been  insisted  upon  by 
the  manufacturers.  This  problem  is  already  solved  in  different  ways, 
and  lamps  can  now  be  supplied  to  burn  in  any  position. 

The  price  of  these  lamps  is  for  the  moment  a  trifle  higher,  but 
before  many  months  I  believe  they  will  be  supplied  at  the  same  price 
as  the  others. 

The  price  itself  is  naturally  held  up  as  a  disadvantage,  especially  when 
a  consumer  is  displacing  old  lamps  for  new  ones.  The  outlay  then 
appears  serious,  but  Table  II.  shows  that  the  saving  in  current  for  given 
illumination  rapidly  wipes  off  this  expenditure. 

Much  has  been  made  of  the  brittleness  of  the  metallic  filament  and 
of  the  percentage  of  breakage  in  certain  instances.  I  have  no  expe- 
rience of  what  the  makers  of  tantalum  lamps  have  found  in  this  respect, 
but  from  the  moment  it  was  understood  how  to  pack  the  osram  lamp 
the  breakage  in  bulk  has  been  a  negligible  quantity.  It  now  only 
affects  the  supply  of  the  lamps  in  small  parcels  of  one  half-dozen  to 
one  dozen.  This  problem  is  now  being  dealt  with,  with  every  prospect 
of  an  early  success. 

Another  point  about  which  there  has  been  considerable  outcry  is 
the  blackening  of  individual  bulbs  which  occasionally  occurs.  It  is  at 
present  thought  that  this  blackening  is  due  to  some  extent  to  the  great 
sensitiveness  of  the  filament  to  small  changes  in  vacuum.  Other 
theories  exist  as  to  the  cause  of  this,  but  what  for  the  moment  mainly 
interests  the  users  is  that  if  a  lamp  is  going  to  blacken  it  usually 
happens  at  a  very  early  period  of  its  life,  when  the  makers  are  prepared 
to  deal  with  the  matter  generously.  It  is  quite  different  in  this  respect 
to  a  carbon  lamp,  in  which  a  blackened  bulb  means  as  a  rule  that  the 
lamp  has  been  kept  on  circuit  for  an  indefinite  period,  far  exceeding  its 
useful  life. 

Having  dealt  with  these  points,  I  would  call  attention  to  the  other 
data  on  Table  II.  and  to  the  following  curves  (Figs.  3,  4,  5,  and  6), 
showing  some  characteristic  tests  of  osram,  tungsten,  and  tantalum 
lamps  made  by  various  independent  testing  authorities. 
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The  samples  of  osram  lamps  were  selected  at  efficiencies  correspond- 
ing to  the  limits  of  sorting,  that  is,  I'o  to  1-25  watts  per  candle-power, 
so  that  they  represent  the  lowest  and  highest  efficiency  at  present  on 
the  market. 


Hefner. 


400     600 


800    1000   1200 

Hours 


1400  1600  1800  2000 


Fig.  3. — "  Osram  "  Average  Life  Test  Curves,  etc. 


Test  I.  on  Table  II.  and  Fig.  3  is  a  good  example  of  an  osram  lamp. 
This  was  made  by  Faraday  House  on  an  ordinary  commercial  lighting 
circuit,  alternating  current,  with  a  variation  of  voltage  of  about  3  per 
cent,  each  way.  Twelve  lamps  were  tested,  and  nine  gave  a  life  of 
2,000  hours,  with  a  20  per  cent,  drop  in  candle-power.    The  first  failure 
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took  place  at  900  hours,  (he  other  two  failures  following  between  1,200 
and  1,400  hours.  The  cost  of  lighting  with  such  lamps  comes  out  at 
the  very  low  figure,  including  renewals,  of  5Jd.  per  1,000  c.p.-hours. 


MwfEnslbh 


100200500400     500600700600900  1000 

Hours. 
Fig.  4.— "Just- Wolfram." 


Tests  n.  and  1 1  A.  on  Fig.  3  are  other  examples  of  osram  lamps 
burnt  at  a  slightly  lower  efficiency,  and  after  1,500  hours'  use  the  drop 

24  21 


200    5o6    400     500     606    !uo 

Hours. 

Fiu.  5.— Tantalum  Lamps. 


^00     joo^iooo 


in  candle-power  only  amounted  to  11  per  cent.  This  test  wa^  con- 
tinued to  3,350  hours,  when  nine  lamps  were  still  good.  Their  average 
candle-power  was  then  70  per  cent  of  the  initial  candle-power.    It 
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is  interesting  to  note  from  this  test  that  it  pays  to  run  these  lamps 
to  a  point  when  the  candle-power  has  dropped  30  per  cent.,  as  will  be 
seen  from  the  table. 

The  test  |No.  V.  on  Fig.  4  of  tungsten  lamps  made  by  the  Just- 
Hanaman  process  shows  that  these  lamps  are  quite. as  good  as  the 
osram. 

The  test  was  only  carried  to  1,000  hours,  but  it  is  quite  possible  that 
the  lamp  could  have  lasted  up  to  2,000  hours  or  more,  with  a  propor- 
tionate reduction  in  the  cost  of  renewals.    After  the  1,000  hours  the 


Hefner.  English 

2(F0 
22rO— 


ZOO-'^^ 


l6p(y-l6-0 


IfrO— I^. 


14-0— , 


100    200     300     400     500 

nour 


600    700    800    900  lobo 


curd 
Fig.  6. — Carbon  Lamps. 


drop  in  candle-power  was  exceedingly  small,  amounting  to  only  3  per 
cent. 

The  tantalum  tests,  No.  VI.  on  Fig.  5,  give  a  much  less  favourable 
result  than  the  above  figures. 

The  test  is  a  typical  performance  on  a  direct-current  circuit.  The 
cost  per  thousand  candle-hours  works  out  at  9id.,  or  73  per  cent,  more 
than  the  osram  lamp. 

The  carbon  filament  lamp  results,  test  No.  VII.  on  Fig.  6,  were 
selected  from  a  large  number  of  tests,  and  represent  the  average 
English-made  lamp. 
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A  comparison  of  the  figures  in  the  last  column  of  Table  II.  shows 
that  the  total  saving  from  the  use  of  osram  lamps  over  carbon  lamps 
when  equal  voltages  are  compared  is  60  per  cent. 

Test  No.  VIII.  in  Table  II.  shows  the  high-voltage  trials  of  tungsten 
lamps,  which  were  made  on  an  ordinary  alternating-current  lighting 
circuit,  50  cycles,  with  a  voltage  variation  of  5  per  cent.,  most  of  the 
variation  being  up.  The  figures  show  that,  even  paying  7s.  6d.  for 
these  65-watt  lamps,  there  is  a  saving  of  over  60  per  cent,  over  the 
average  high-voltage  carbon  lamp  (test  No.  IX.  on  Fig.  6)  when  all  the 
factors  of  the  cost  are  considered. 

In  all  of  the  above  examples  the  price  of  current  has  been  taken  as 
4d.  per  unit,  which  is  a  fair  average  for  lighting  at  the  present  time.  Of 
course  with  higher  prices  per  unit  the  saving  from  the  use  of  tungsten 
metallic  filament  lamps  is  still  greater. 

As  an  instance  of  the  life  of  osram  lamps  for  public  lighting,  I 
append  figures  showing  the  life  of  the  lamps  installed  in  the  streets  of 
Canterbury,  which  have  been  kindly  furnished  by  the  Borough  Engineer, 
Mr.  C.  A.  Blaschcck. 


CANTERBURY. 

Life  ok  Osram  Lamps  Erected  in  the  Streets,  March,  1908. 
osram  lamps. 


St.  Georges  Place, 

(Lamps  in 

Open,) 

Post  No.  37 

«.357 

lours 

burning. 

*2,434 

»$ 

Post  No.  38 

i»97i 

,» 

2,036 

,f 

93 

»» 

Post  No.  39 

^'M34 

''2434 

i» 

Post  No.  40 

J.779 

If 

*2434 

»f 

Post  No.  41 

*2,434 

»» 

*2434 

t* 

Post  No.  42 

1,665 

it 

*2434 

t* 

Post  No.  63 

974 

M 

2 

M 

'2,434 

»t 

16  lamps      ^f349  total  hours  burning. 

Average  hours  =  1.834. 

Note. — Thi*w  markctl  •  an:  still  btimtnj;.  therefore  lite  actual  a\'enige  life  «>o 
completion  o(  tent  will  be  considerably  hi|;her. 
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Dover  Street  and  Oaten  Hill. 

Post  No.  179  

Post  No.  180  

Post  No.  181  

Post  No.  182  

Post  No.  183  

Post  No.  184  

Post  No.  185  

Post  No.  205  

Post  No.  206  

Post  No.  207 

Post  No.  208  


Post  No.  255 


29  lamps      5i»974  total  hours  burning. 

Average  hours  =  1,792. 

Note. — Those  marked  •  are  still  burning,  therefore  the  actual  average  life  on 
completion  of  test  will  be  considerably  higher. 

Special  Applications. 

2S-volt  Osram  Law^s.— What  I  have  said  as  to  the  likelihood  that  the 
metallic  filament  lamps  will  raise  the  standard  of  illumination,  owing  to 
the  impossibility  of  making  small  candle-power  lamps,  applies  only  to 
those  cases  in  which  the  lamps  arc  connected  on  to  standard  supply 
systems  at  no  volts^  or  two  in  series  across  220- volt  circuits. 

The  advantages  of  the  pure  tungsten  filaments  can  be  obtained  with 
small  candle-power  lamps  when  a  lower  voltage  of  supply  is  adopted. 


(Lanterns  enclosing  the  Lamps.) 
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As  an  example  of  this,  osram  lamps  for  25-voU  circuits  have  been 
standardised  for  both  10  and  16  c.p.  These  lamps  consume  respec- 
tively 10  and  16  watts,  and  for  this  consumption  give  the  same  candle- 
power  as  the  ordinary  carbon  filament  lamps  taking  40  and  60  watts. 
It  is  somewhat  difficult  to  make  use  of  these  low- voltage  lamps  when 
only  continuous  current  is  available  from  the  public  mains.  Then, 
in  order  to  reduce  the  voltage,  motor-generators,  double  commutator 
balancers,  or  rotary  converters  have  to  be  used. 

While  these  are  quite  serviceable  commercially  when  large  numbers 
of  lamps  have  to  be  supplied,  the  low  efficiency  of  small  sets,  and  the 
attention  which  the  additional  rotating  machinery  involves,  will  limit 
the  extensive  application  in  this  direction. 

When  alternating  currents  arc  distributed  the  case  is  entirely 
different,  as  static  transformers  can  be  used  which  require  no  attention 
and  have  high  efficiency.  The  low  voltage  required  for  these  small 
candle-power  lamps  can  then  be  obtained  at  a  cost  which  brings  them 
into  effective  competition  with  the  incandescent  gas  mantle  for  private 
house  lighting. 

The  opinion  has  often  been  expressed,  and  is  still  held  by  many,  that 
the  cost  of  the  transformer,  together  with  the  losses  in  the  same,  would 
more  than  nullify  the  saving  from  the  use  of  metallic  filament  lamps. 
The  iron  loss  in  such  transformers  is  constant,  and  goes  on  whether  the 
lights  are  burning  or  not.  Hence,  to  get  the  best  result,  these  trans- 
formers, like  those  still  largely  used  for  reducing  high  pressure  to,  say, 
220  volts  for  house  lighting,  must  be  designed  with  a  minimum  of  iron 
loss  so  as  to  obtain  a  high  all-day  efiiciency. 

For  use  with  these  lamps  special  transformers  have  been  constructed 
on  the  above  lines,  from  which  the  following  figures  have  been  obtained 
on  test : — 

The  iron  loss  on  the  transformer  designed  for  300  watts  output  is  as 
low  as  5  watts. 

The  following  table  shows  the  units  taken  per  year  by  this  and  two 
other  transformers  of  a  larger  size  to  overcome  iron  k>sses  : — 


Table  III. 
Detaih  of  Iron  Losses  of  Small  Transformers, 


in  Watt*       I  '-*"'P»  AliRnt 


Ko  Load.     ,'   Iron  Loase^ 


Units  Taken 
per  Year. 


CoRt  per  Year  at 
4d.  per  Unit 


300 
1,500 


19 

47 
94 


WatlK 

5 
10 

17 


Percentage 
167 

113 


44 

88 

149 


i    *     d. 

0  14    8 

1  9    4 
298 


The  cost  per  year  at  4d.  per  unit  is  given  in  the  last  column. 
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The  copper  losses  in  these  transformers  are  not  large,  and  only 
occur  when  the  lamps  are  being  used.  The  total  loss  in  the  copper  of 
the  transformer,  and  in  the  wires  between  the  transformer  and  the 
lamps,  will  not  be  appreciably  higher  than  the  copper  losses  in  the 
cables  alone  when  carbon  lamps  are  used. 

The  following  lable  shows  the  financial  results  from  the  use  of  these 
25- volt  i6-c.p.  osram  lamps  in  a  private  house  requiring  25  lamps.  I 
have  assumed  that  the  smallest  size  of  transformer  in  the  preceding 
table  will  suffice,  as  19  lamps  alight  at  one  time  is  about  the  extreme 
maximum  load  in  such  a  house.  The  total  saving  in  current  shown  in 
the  last  column  varies  with  the  number  of  hours  the  lamps  are  in  use  : 
at  500  hours'  use  the  saving  in  current  is  £6  4s.  pd.  on  a  yearly  bill  ol 
£<^  I  OS.  when  carbon  lamps  are  used.  The  ciurent  account  is  thus 
reduced  65  per  cent.,  but  the  bill  for  lamp  renewals  will  be  somewhat 
higher. 

Table  IV. 

Annual  Costs  for  Current  on  an  Installation  of  25  16-c.p.    Lamps,  c^ 
which  19  are  Burning  at  one  Time, 

(i6-watt  Osram  Lamp  r.^-watt  Carbon  Lamp.) 


No.  of 

Maximum  Load 

Units  used  per  Annum 

Cost  of  Current  at  4<i-  P«r 

Hours 

in  Watts. 

with  Osram  Lamps. 

Units 

Unit 

per 

Annum 

at 

used 

for 

Cartx>n 

Lamps. 

Maxi- 
mum 

Load. 

Osram 

Carbon 

Osram 

Trans- 

Total. 

Osram 

Carbon 

Saving. 



Lamps. 

Lamps. 

Lamps. 

former. 

Lamps. 

Lamps. 

£  s.  d. 

£  s.   d. 

£   ^   ^ 

300 

304 

1, 140 

91 

44 

135 

342 

250 

5  M    0 

390 

400 

304 

1.140 

122 

44 

166 

456 

2  15    3 

7  12    0 

4  i6    9  ! 

500 

304 

1,140 

152 

44 

196 

570 

3    5    3 

9  10    0 

649, 

600 

304 

1.140 

182 

44 

226 

684 

3  J5    3 

11     8    0 

7  12    9 

700 

304 

1,140 

213 

44 

257 

798 

466 

13    8    0 

9     I    6 

800 

304 

1. 140 

243 

44 

2«7. 

812 

4  15    6 

15    4    0 

10    8    6 

Table  V.  shows  the  complete  balance  sheet  obtained  by  adding 
the  cost  of  current  to  the  lamp  renewal  charges  for  both  carbon  and 
osram  lamps. 

These  tables  clearly  show  that  private  houses  in  those  areas  over 
which  electricity  is  distributed  in  the  form  of  alternating  current  can 
at  once  realise  to  the  full  the  exceptional  radiating  properties  of  the 
tungsten  filament. 

As  some  engineers  may  object  to  my  statement  above  as  to  the 
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Otram  Lainpt. 


£   %.  d,  '    £   %.  ± 

250  I  10    o 

a  15  3  300 

3    5  3  a  10    o 

3  »5  3  300 

4  5  6  !    3  10    o 
4  15  6  400 


Carbon  Lampft. 


Current 

£   *-  ^' 

5  «4  o 

7  la  o 

9  10  o 

11    8  o 

13    6  o 

]  15    4  o 


Lamp 
Re- 
ne wait. 


ToCaL 


Otram 


t.  (L 

7  I 

9  6 

II  10 

»3  3 

16  7 

19  o 


£  t.  d. 

3  15  o 

4  «5  3 

5  15  3 

6  15  3 

7  15  6 

8  15  6 


Carbon 
Lamps. 


£  ..  d. 

6  I  I 

8  I  6 

10  I  10 

11  I  3 
la  a  7 
16  3  o 


Total  Sarinfi 

wtthOsram. 

£ 

%. 

d. 

% 

6 

1 

;  ^ 

6 

3 

.   4t 

6 

7 

43 

6 

0 

i^ 

7 

1 

1  45 

^ 

7 

6 

451 

copper  losses  of  the  transformer  being  small,  I  give  below  a  formula 
which  will  enable  them  to  calculate  *what  the  comparative  cost  of 
osram  and  carbon  lamps  would  be  if  these  copper  losses  are  also  taken 
into  account. 

Using  the  following  symbols  : — 

a  s  open  circuit  loss  in  watts. 

b  s  number  of  lamps. 

c  ^candle-power. 

d  ^  cost  per  unit 

c  ^  average  hours  of  running  per  year. 

/  :s  copper  loss  on  average  load. 

The  cost  of  lighting  with  osram  lamps  per  year  works  out  at — 

'  1,000  1,000 

The  yearly  cost  of  lighting  with  carbon  filament  lamps  as  against 
this,  works  out  to  be— 

bced 
-^-^  1,000 

This  under  the  assumption  of  an  efficiency  of  i  watt  per  Hefner 
candle  for  the  osram  lamp  and  3*5  watts  for  the  carbon  filament  lamp. 
The  saving  in  running  cost,  therefore,  is  per  year — 


bccd       o_,      .       bcfd 


1,000 


fed 

1,000 


-4 


2*5  bce^  fe 

IfiOO 
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If  we  take  the  cost  of  an  actual  installation  as  an  example,  and 
figure  on  25  i6-c.p.  lamps  (6  equal  to  25,  c  equal  to  16)  and  take  from 
actual  measure — 

^        =5 

/  (to  be  on  the  safe  side  the  maxi- 
mum  copper   loss  has   been 

taken,  not  the  average)       ...  =12 

d        ...        ...         ...        ...        ...  =  4d. 

e        =  1,000. 

Under  these  conditions  the  saving  works  out,  as  per  above  formula, 
to  £\^  14s.  9d.  on  a  total  of  £2'},  6s.  8d.,  equivalent  to  a  saving  of 
67*4  per  cent. 

If  we  had  not  transformed  down,  but  taken  the  smallest  obtainable 
candle-power,  namely  28-watt  osrams  (against  i6-c.p.  carbon  lamps),  the 
saving  would  have  been  ;£ii  13s.  4d.,  equal  to  50  per  cent. 

If  we  take  further  into  consideration  the  cost  of  renewals  and  the 
additional  cost  of  the  transformer,  we  find  : — 

First  cost  of  transformed ...        220 

Amounting  to  an  annual  outlay  (reckoning 

on  five  years'  amortisation)  about        ...        090 

Cost  of  renewals  for  osram  lamps  25  X  3s.  3150 

Cost  of  renewals  for  carbon  lamps  25  x  is.  3d.       i  1 1     3 

Difference 239 

The  actual  saving  is  therefore  ;^I5  14s.  9d.  minus  £2  12s.  9d.  = 
£i'^  2s.,  which  is  equivalent  to  56*2  per  cent. 

The  no-load  losses  have  decreased  the  original  saving  in  running 
cost  by  4*5  per  cent. ;  the  copper  losses  by  i  per  cent,  (therefore  from 
67*4  per  cent,  to  62  per  cent.). 

An  unexpected  objection  has  arisen  to  the  use  of  these  small  trans- 
formers from  certain  central  station  engineers — they  find  that  the  iron 
losses  are  so  small  that  they  will  not  keep  the  meter  running.  If  this 
is  the  case,  these  iron  losses,  which  should  be  borne  by  the  consumer, 
fall  on  the  station — which  is  obviously  incorrect. 

There  is  no  reason  why  this  should  not  be  done  if  the  station 
engineer  is  allowed  to  charge  for  the  same. 

With  the  high-pressure  distribution,  using  transformers  in  con- 
sumers' houses,  which  was  common  practice  ten  years  ago,  the  elec- 
tricity meters  were  always  placed  on  the  low-tension  side  of  the 
transformer,  and  the  price  per  unit  was  fixed  with  due  consideration 
of  this  fact.  I  would  suggest,  therefore,  that  those  supply  engineers 
who  wish  to  make  use  of  osram  lamps  to  extend  their  private-house 
load  should  themselves  supply  these  small  transformers  and  charge  the 
consumers  a  slight  increase  per  unit  to  cover  the  iron  losses,  and  also 
the  capital  expenditure  involved. 
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There  is  another  large  field  for  these  low  voltage  lamps  in  connec- 
tion with  isolated  plants  for  the  supply  of  country  houses,  workshops, 
etc.  Where  small  units  of  light  are  quite  sufficient,  the  cost  of  the 
f^cncrating  plant  can  be  reduced  very  largely  as  the  output  required 
falls  in  the  ratio  of  the  efficiency  of  the  filaments  used  in  the  lamps. 
Thus  the  maximum  load  in  any  given  case  falls  in  the  ratio  of  3I  to  i, 
and  neither  the  factory  inspector  from  the  Home  Office  nor  the  fire 
insurance  company  claims  that  supply  at  25  volts  is  dangerous. 

The  same  reduction  in  the  cost  of  generating  plant  in  mains  can 
be  realised  when  designing  electric  lighting  equipment  for  the  numerous 
small  towns  and  villages  within  the  United  Kingdom  yet  to  be  sup- 
plied with  electrical  energy.  In  such  undertakings  the  capital  burden 
to  be  l>orne  by  the  relatively  few  consumers  obtainable  is  the  chief 
deterrent. 

While  the  saving  from  tlie  use  of  the  metallic  filament  lamp  may 
not  bring  the  capital  down  quite  in  the  above  ratio,  it  will  make  many 
schemes  feasible  which  hitherto  have  l>een  passed  by. 

Discussion. 

Mr.  Haydn  T.  Harrison  :  I  think  we  are  to  be  congratulated  *J^ 
that  Mr.  Hirst  has  been  able  to  read  this  paper,  since  he  has  a 
more  intimate  knowledge  of  the  possibilities  of  the  tungsten  filament 
lamp  probably  than  anybody  else  in  this  countr>'.  On  page  (145  he 
compares,  as  everybody  probably  will  have  done,  the  tungsten  lamp 
with  the  gas  mantle,  but  there  is  one  point  which  he  does  not  call 
attention  to,  and  that  is  that  the  gas  mantle  differs  in  a  most  impor- 
tant feature  ;  that  is.  in  the  first  100  hours  of  burning  the  candle- 
power  of  the  average  gas  mantle  drops  20  per  cent.,  and  in  500  hours 
from  40  to  50  per  cent. ;  whereas  the  tungsten  lamp  has  this 
peculiarity,  that  in  1,000  hours  it  drops  less  than  10  per  cent.  So  that 
the  tungsten  lamp  is  nearly  equal  in  efficiency  as  far  as  cost  per  candle 
is  concerned,  and  it  is  more  than  equal  in  efficiency  as  regards  steadi- 
ness in  illumination.  On  page  648  Mr.  Hirst  says  that  it  will  require 
some  extraordinary  developments  or  discovery  to  produce  a  tungsten 
fil.iment  limp  of  lower  candle-power  for  higher  voltages.  In  his 
remarks  just  now  he  referred  to  a  patent  of  the  General  Electric 
Company  of  America,  a  mercury  process,  but  I  believe  that  in  that 
very  same  application  they  also  mention  another  point— namely,  that 
tungsten  when  increased  in  temperature,  even  below  that  of  oxidisa- 
tion in  the  atmosphere,  becomes  ductile,  and  therefore  they  refer  to  a 
process  of  drawing  it  down.  I  want  to  ask  the  author  whether  he 
thinks  that  this  is  practical  or  not.  These  filaments,  as  has  been  ex- 
plained, are  not  drawn  filaments,  but  if  tungsten  is  ductile  at  a 
temperature  below  oxidation,  of  course  there  may  be  considerable 
possibilities  in  that  particular  idea.  The  author  states  that  elaborate 
arrangements  are  being  made  for  testing  the  lamps  to  ijo  of  an 
ampere,  but  as  the  lamps  only  take  ^'o  of  an  ampere  that  is  rather  a 
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large  percentage ;  it  is  3  to  4  per  cent,  of  the  current  that  the  lamps 
are  taking.  Thus  a  lamp  taking  0*3  of  an  ampere  might  vary  6  per  cent 
in  current  from  another  lamp  marked  the  same,  and,  what  is  more,  it 
might  vary  nearly  8  to  10  per  cent,  in  volts,  because  the  temperature 
coefficient  of  tungsten  itself  varies  with  the  volts  in  greater  proportion 
than  the  current  varies.  Therefore  I  think  there  must  be  some  error 
somewhere,  because  nearly  every  ammeter  or  instrument  used  in  a 
lamp  factory  will  work  within  closer  limits  than  this.  In  practice 
I  have  found  that  big  units  of  light  are  appreciated  for  this 
reason,  that  if  one  has  an  economical  large  unit  of  light  one  can 
afford  to  diffuse  it.  I  suppose  one  of  the  greatest  disadvantages  in 
electric  incandescent  lighting  has  been  the  high  intrinsic  brilliancy 
of  the  filaments  themselves.  I  personally  have  never  used  osram 
lamps  in  a  house  unless  they  have  been  either  frosted  or  put  into 
globes  where  the  filament  is  not  visible.  We  could  not  afford  that 
with  a  carbon  filament  lamp,  but  with  one  watt  a  candle  one  can 
afford  to  put  the  lamps  into  such  a  position  that  the  eye  does  not 
suffer  from  that  high  brilliancy,  and  it  is  one  of  the  greatest  advan- 
tages from  the  physiological  point  of  view  that  I  have  met  with.  Mr. 
Hirst  all  the  way  through  his  paper  makes  a  comparison  of  osram 
lamps  with  other  incandescent  electric  lamps  and  gas  lamps.  1  do  not 
know  whether  many  people  have  realised  the  fact  that  the  lamp  which 
is  giving  light  at  one  watt  a  candle  takes  it  into  a  much  bigger  region 
than  that.  The  enclosed  arc  lamp,  for  instance,  takes  more  than  one 
watt  a  candle ;  in  fact,  the  smaller  lamps  are  nearer  two  watts  a  candle. 
Open  type  arc  lamps  for  street  lighting  purposes — that  is  to  say. 
where  very  nearly  horizontal  rays  are  mostly  used — are  taking  over 
one  watt  a  candle.  Therefore  it  comes  to  a  question  of  watts  absorbed 
and  cost  of  renewals  or  cost  of  labour  and  carbons.  I  have  worked 
it  out  that  where  big  units  are  required  up  to,  say,  500  or  600  cp. 
the  open-type  arc  which  gives  500  c.p.  at  10°  below  the  horizontal 
and  takes  500  to  550  watts  is  less  economical  than  a  group  of  osram 
lamps  giving  500  c.p.,  because  the  cost  of  carbons  and  labour  i> 
considerably  higher  than  the  cost  of  lamp  renewals.  It  is  rather  a 
curious  coincidence  that  this  paper  refers  to  Canterbury  figure^. 
I  happened  to  see  Mr.  Blaschcck  last  week,  and  he  told  me  that  a 
large  number  of  the  lamps  mentioned  as  lasting  2400  hours  are  still 
burning,  and  that  has  brought  the  average  life  of  the  lamps  referred 
to  as  burning  in  the  streets  of  Canterbury,  to  over  2,000  hours. 

Mr.  B.  M.  Drake  :  As  might  have  been  expected,  Mr.  Hirst's  paper 
is  essentially  of  a  practical  nature.  I  had  the  honour  of  being  asso- 
ciated with  him  in  connection  with  the  Nernst  electric  light,  and  a  ven' 
difficult  problem  we  found  it.  It  must  be  a  relief  to  him,  after  the 
troubles  we  encountered,  to  find  himself  sailing  in  smoother  waters 
The  advent  of  the  metallic  filament  lamp  at  this  period  of  the  electrical 
industry  is  most  welcome,  at  any  rate  to  those  who  are  connected 
with  private  plants,  for  up  to  the  present  the  electric  light  has  been  so 
costly  that,  although  admittedly  the  best  light,  many  people  have  been 
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forced  to  adopt  some  inferior  illuminant  on  the  score  of  expense.  From  Mr.  Drake 
the  central  station  point  of  view  I  can  well  understand  that  it  is  not  so 
acceptable;  for  many  small  stations  have  already  secured  the  only 
people  who  are  likely  to  adopt  electric  light,  and  if  the  income  from 
these  is  halved  the  Company  may  well  find  it  difficult  to  pay  a  dividend. 
I  thoroughly  agree  with  the  previous  speaker,  that  the  best  chance  for 
the  engineers  in  charge  is  to  use  their  endeavours  to  get  people  to  use 
their  light  in  a  more  rational  way.  The  ordinary  pendant  light  with 
a  clear  filament,  which  may  damage  sensitive  eyes,  could  very  well  be 
replaced  with  a  lamp  of  two  or  three  times  the  candle-power  if  the 
shade  were  arranged  on  the  under-side  instead  of  above  the  lamp. 
This  would  materially  improve  the  diffusion  of  the  light,  appease  the 
oculists,  and  keep  the  supply  company's  accounts  at  their  present  level. 
As  regards  the  name,  I  think  Mr.  Mordcy  suggested  that  **  metallic 
filament  lamp  "  was  too  lengthy  for  this  life,  and  he  suggested  *'  wire 
Ump, "  but  this  appUes  more  to  the  tantalum  than  to  the  squirted 
tungsten  filament,  and  I  venture  to  suggest  as  an  alternative  "  metal 
lamp."  A  difficulty  with  tungsten  lamps  has  been  to  get  them  to  the 
customers  without  breakage  of  the  filament.  Mr.  Hirst's  Company  has 
solved  this  in  a  practical  way  when  sent  in  bulk  ;  in  fact,  lamps  sent 
in  their  casks  arrive  with  only  2  per  cent  breakages,  but  in  small 
quantities  it  is  still  a  problem.  With  the  tantalum  lamp,  which  is  much 
stronger,  no  special  precautions  are  necessary,  and  therefore  up  to 
recently  the  tantalum  has  perhaps  been  most  favoured.  In  dealing 
with  metal  lamps  in  large  quantities  certain  phenomena  have  come  to 
my  notice  which  perhaps  some  one  may  be  able  to  explain.  It  has  been 
stated  by  several  users  that  the  metal  lamps  have  a  longer  life  in  winter 
than  in  summer.  Can  this  b>e  due  to  temperature,  or  to  the  number 
of  times  they  are  switched  on  and  off?  Also  they  are  stated  to 
blacken  more  if  enclosed  in  an  outer  shade.  Others  have  said  that 
where  the  lamps  are  used  in  streets  and  exposed  to  the  sun's  rays  the 
life  is  shortened.  Tantalum  lamps,  as  prot>ably  most  people  know, 
have  a  longer  life  on  alternating  current  with  low  than  high  frequency. 
This  seems  to  point  to  the  fact  that  the  breakages  are  due  to  molecular 
vibration,  which  is  lx)rne  out  by  the  fact  that  when  they  do  fail  they 
generally  break  in  several  places.  For  some  time  there  was  an 
opinion  that  the  polarity  of  the  tantalum  lamp  ought  not  to  be  reversed, 
and  in  some  of  the  earlier  tests  this  seemed  to  tx;  t>orne  out,  but 
recently  I  have  not  heard  that  it  makes  any  difference.  We  have  had 
to  compete  recently  in  private  installations  with  two  forms  of  light, 
acetylene  and  petrol  gas.  The  acetylene  has  been  preferred  by  many 
on  account  of  its  colour,  for  it  is  stated  to  be  the  colour  nearest  to 
sunhght,  but  the  cost  of  working  is  high.  For  i,ooo*c.p.  hours,  which 
the  author  has  taken  in  his  paper  as  a  standard,  as  far  as  I  have  t>een 
able  to  ascertain  the  working  cost  of  acetylene  comes  out  at  2*2d.  per 
1,000-cp.  hour.  Taking  one  watt  per  candle  power,  the  electric  light 
with  low> voltage  installations  comes  out  at  2cL  Cetrol  gas  seems  to 
vary  from  rjd.  upwards  according  to  the  price  of  petrol  in  the  district 
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Mr.  Drake,  and  the  veracity  of  the  salesman.  At  any  rate,  it  is  safe  to  say  that  the 
metal  lamp  has  again  put  us  in  the  running,  and  although  from  a 
central  station  point  of  view  it  may  be  looked  upon  as  a  temporary 
drawback,  I  am  quite  sure  it  will  benefit  the  industry  in  the  end. 

Dr.  Bell.  Dr.  Louis  Bell  :  I  can  perhaps  add  nothing  which  would  be  of 

more  interest  to  tiie  members  present  than  to  say  something  on  the 
development  of  metaUic  filament  lamp  working  in  America  as  we  find 
it  to-day.  We  have  many  metallic  filament  lamps  in  use.  At  fir>l 
came  the  tantalum  lamp,  which  was  received  with  open  arms,  witii 
a  great  deal  of  enthusiasm,  but  that  was  very  promptly  pushed  aadc 
by  the  tungsten  lamp  as  soon  as  the  latter  came  in.  The  reason  for 
this  was  that  a  very  large  number  of  our  distributing  circuits  are  alter- 
nating-current circuits,  and  the  tantalum  lamp,  as  we  all  know,  is  com- 
paratively ineffective  on  those  circuits  by  reason  of  its  shortened  life. 
The  life,  from  my  own  experience,  is  about  two-thirds  of  that  which  is 
obtained  on  direct  current.  The  shortening  of  the  life  comes  through 
faulting  of  the  filament.  Sometimes  it  faults  altogether,  and  sometimes 
incipient  breaks  show  almost  every  quarter  millimetre  through  the 
entire  length  of  it.  In  addition  to  what  Mr.  Drake  has  said,  I  may  add 
that  the  tantalum  filament  works  badly  both  at  high  frequencies  and 
very  low  frequencies.  I  have  experimented  considerably  on  the  cauic 
of  the  failure  in  life  on  alternating  current,  and  the  facts  seem  to  be 
these,  that  the  faulting  in  the  filament  is  due  to  the  continued  heating 
and  cooling  ratlier  than  to  anything  else,  that  heating  and  cooling 
take  place  more  rapidly  and  go  through  a  larger  number  of  cycles 
as  the  frequency  rises.  On  the  other  hand,  the  temperature  change 
through  the  thermal  inertia  of  the  filament  becomes  at  a  higher 
frequency  somewhat  less  ;  the  cooHng  ofif  effect  is  less  complete.  As 
a  result,  after  having  carried  out  a  large  number  of  experiments  at  all 
sorts  of  frequencies,  I  find  that  at  60  rsj  and  above,  particularly  above 
60  c\jj  the  hfe  was  very  materially  limited,  while  on  the  other  hand, 
at  a  very  low  frequency,  5  or  10  Oj,  the  lamps  could  be  hardly 
put  in  fast  enough  to  keep  them  aUght.  The  heating  and  cooling 
were  so  complete  at  those  low  cycles  that  the  faulting  became  ven* 
marked,  and  instead  of  being  partial  was  complete  ;  the  lamp  went 
as  soon  as  faulting  was  initiated.  Then  came  the  tungsten  lamp, 
at  first  in  the  form  of  a  few  of  the  imported  lamps,  made 
in  part  by  the  Just-Hanaman  process  and  in  part  by  the  colloid 
process.  It  was  later  taken  up  by  the  General  Electric  Company. 
which  now  produces  most  of  the  lamps  we  have  in  use.  The  lamp 
which  was  first  put  out  was  a  loo-watt  80-c.p.  lamp.  We  arc 
working  over  there  at  ij  watts  per  EngUsh  candle.  I  tliink  the  wait 
per  candle  ratings  are  mostly  based  on  Hefner.  The  large  lamps  were 
most  welcome,  because  they  enabled  us  for  the  first  time  to  have  a 
successful  substitute  for  the  extremely  uneconomical  enclosed  arc 
which  we  had  been  in  the  habit  of  using.  Enclosed  arcs  at  80  volts, 
working  on  120- volt  circuits,  are  about  as  bad  an  e;cample  of  hghting 
as  could  well  be  found,  and  the   high-candle-power  tungsten  lainp^ 
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were  most  welcome  in  that  particolar.  The  manufacturers  have  been  Dr.  Bcii. 
very  slow  to  put  out  the  lower  candle-power  lamps,  but  the  importation 
of  German  lamps  has  forced  them  to  it,  and  the  standard  lamps  now 
out  are  the  loo-watt,  60- watt,  and  40-watt  sizes.  They  arc  substantially 
like  the  osram  lamps  in  their  general  character ;  the  life  is  excellent* 
and  save  for  their  fragility  in  shipment  the  success  of  the  lamp  is,  on 
the  whole,  thoroughly  good.  I  noticed  one  thing  in  making  a  great 
many  life  tests  on  them,  namely,  that  the  specific  emissivity  seems  to 
change  through  the  life  of  the  lamp ;  so  that  it  is  quite  common  in 
testing  a  batch  of  lamps  to  find  individual  lamps,  and  sometimes  nearly 
all  the  group,  rising  in  candle-power  after  they  have  fallen  10  or  12 
per  cent.,  and  eventually,  after  a  very  long  life,  breaking.  One  of  the 
questions  uppermost  in  our  minds  now  is,  What  is  the  most  economical 
efficiency  at  which  to  run  the  lamps  ?  At  a  watt  per  English  candle 
most  of  the  experiments  1  have  seen  indicate  that  the  lamp  is  being 
overrun  ;  at  i^- watts  per  candle  the  life  is  most  admirable  ;  and  in  the 
small  candle-power  lamps,  lamps  of  40  watts  and  below  (for  we  have 
a  few  25-watt  lamps  even  now  in  use)— at  these  lower  candle-powers, 
even  it  is  a  question  in  my  mind  whether  it  will  not  pay  to  work  the 
lamps,  considering  their  high  cost,  at  perhaps  r  J  watts  per  candle-power, 
where  the  light  is  still  admirable  in  quality  and  the  life  is  ver>'much  in- 
creased. It  will  perhaps  make  a  material  saving  to  work  the  small  lamps 
at  a  somewhat  reduced  efficiency.  At  all  events,  it  might  be  worth  trying, 
and  it  is  an  open  question  what  the  final  efficiency  may  be.  I  may 
add  that  casually  I  have  heard  several  rumours,  which  1  shall  try  and 
investigate  on  the  Continent  in  the  next  few  weeks,  that  our  German 
friends,  who  have  passed  along  so  many  good  things  in  the  way  of 
lighting  to  us,  have  up  their  sleeves,  carefully  conceal^  for  the  present, 
but  about  to  appear,  a  lamp  which  will  run  to  J  watt  per  Hefner,  or 
something  of  that  sort.  If  they  have  that  lamp,  it  is  almost  certainly 
not  exactly  like  our  present  tungsten  lamp.  It  may  be  only  a  rumour. 
In  closing  I  should  like  to  add  one  thing  with  regard  to  the  use  of 
these  new  lamps  ;  and  that  is  to  throw  out  a  suggestion  that  they 
should  always  be  used,  either  in  such  a  position  that  they  are  fairly 
without  the  field  of  vision,  so  that  the  eye  will  be  shielded  from  them, 
or  else  that  they  should  be  used  behind  a  diffusing  shade.  In  our 
American  practice  tungsten  lamps  are  almost  never  used  except  in  one 
of  those  two  positions.  The  Edison  Uluminating  Company  o(  IJoston 
has  put  out  a  great  many  of  these  lamps,  and  every  lamp  that  comes 
to  the  Company  comes  half  frosted  ;  and,  moreover,  we  put  on  the 
lamp  a  shade  which  has  a  deep  skirt  coming  down  nearly  to  the  tip 
of  the  lamp  ;  and  in  every  case  where  the  lamp  is  to  be  installed  fairly 
within  the  field  of  vision,  that  shade  is  sandblasted  or  etched  so  that 
the  light  is  completely  diffused  so  far  as  the  observer's  eye  is  concerned. 
We  make  that  an  invariable  rule  in  putting  out  the  lamps,  and  I  think 
it  is  one  that  should  be  always  followed.  The  intrinsic  brilliancy  runs 
between  one  and  two  thousand  per  square  inch,  and  the  effect  on  the 
eye  is  terrific.    These  new  illuminants  must  be  treated  in  that  cautious 
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Dr.  Bell.  way,  or  otherwise  our  eyesight  will  suffer.  We  have  one  thing  to  our 
advantage  there  which  is  not  the  custom  here,  and  that  is  that,  as  a  rule, 
the  American  central  stations  furnish  free  renewals.  In  that  way  we 
are  able  to  control  the  output  of  these  lamps.  They  are  put  out  to  the 
customer,  not  free  as  a  rule,  but  at  a  small  renewal  charge,  a  renewal 
charge  rather  less  than  the  cost  of  the  lamp  to  the  station,  but  enough 
to  make  the  consumer  and  the  station  share  the  benefit  of  the  smaller 
consumption  of  energy,  and  I  think  no  American  central  station 
engineer  has  the  slightest  fear  of  the  economical  result.  One  witty 
friend  of  mine  referred  to  the  troubles  which  are  existing  to-day  as 
merely  the  growing-pains  of  the  industry,  and  I  think  that  is  a  fair 
characterisation ;  in  fact,  one  old  central  station  manager,  who  has 
been  at  the  forefront  in  introducing  every  new  thing  in  electric  light 
for  the  last  fifteen  years,  told  me  blandly  the  other  day  that  he  proposed 
to  put  out  these  tungsten  lamps  free,  and  added,  what  I  knew  to  be  the 
fact  already,  that  every  time  he  had  reduced  his  price  to  the  consumer 
he  had  increased  his  net  profit.  I  think  if  the  change  is  met  in  that 
spirit,  this  new  lamp  is  going  to  be  a  boon  to  the  industry  all  over 
the  world. 

i^'r.  Mr.  H.  W.  Handcock  :  I  certainly  hope  that  some  means  may  be 

found  of  settling  the  standard  by  which  we  are  to  measure  our  lamps 
in  future.  We  do  not  mind  whether  it  is  the  Hefner  or  whether  it  is 
the  standard  candle,  but  let  it  be  one  of  them.  At  the  present  moment 
a  great  deal  of  confusion  arises,  due  to  the  fact  that  after  making, 
perhaps,  lengthy  calculations  or  carrying  on  an  argument  for  some  time 
you  find  that  one  side  has  been  arguing  on  the  Hefner  and  the  other  on 
the  British  candle-power.  Then  comes  another  point,  the  present 
method  of  measuring  the  candle-power  of  lamps.  If  we  take  the 
horizontal  standard,  I  am  not  sure  that  it  is  quite  fair  to  the  carbon 
filament.  In  the  case  of  the  metallic  filament,  practically  the  whole  of 
the  illumination  is  horizontal.  It  is  true  that  has  advantages  for  street 
lighting,  but  it  is  a  disadvantage  for  lighting  rooms  in  certain  cases. 
If  we  take  the  horizontal  measurement  for  a  metallic  filament,  and 
compare  it  with  the  horizontal  measurement  for  a  carbon  filament, 
disregarding  the  mean  spherical  candle-power,  and  run  out  the  results 
obtained  in  watts  per  candle-power,  the  result  is  somewhat  to  reduce 
the  watts  per  candle-power  for  the  metallic  filament  as  compared  with 
the  watis  per  candle-power  for  the  carbon  filament.  I  think  it  will  also 
be  found  that  any  object  immediately  under  a  30-watt  carbon  filament 
used  horizontally  is  illuminated  more  effectively  than  by  a  50-watt 
metallic  filament  which  is  preferably  used  in  a  vertical  position.  I  do 
not  mean  to  say  that  is  a  fair  comparison  ;  it  merely  illustrates  the 
difficulties  that  arise  through  taking  all  one's  measurements  in  the 
horizontal  plane. 

I  think  we  might  with  advantage  lay  some  stress  on  the  benefits  that 
accrue  to  central  stations  from  increased  facility  in  regulation.  There  h 
no  doubt  about  it  that  in  a  building,  part  of  which  is  lighted  with 
metallic  filaments  and  the  other  with  carbon  filaments  in  the  portion 
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Ughted  with  metallic  filaments  any  variations  in  regulation  are  scarcely  *{[•  ^ 
noticeable,  whereas  on  going  into  the  portion  of  the  building  lighted 
with  carbon  filaments  one's  remarks  as  to  the  regulation  of  the  station 
may  not  be  entirely  complimentary.  Then  also  I  do  not  think  we  can 
lay  too  much  stress  on  the  fact  that  the  candle-power  of  the  metallic 
filament  is  so  well  sustained  as  compared  with  that  of  the  carbon  fila< 
ment.  It  is  not  a  very  great  advantage  to  know  what  is  the  efficiency 
of  a  lamp  at  the  beginning  of  its  life ;  we  want  to  know  the  average 
efficiency  for  the  whole  of  its  life,  and  from  that  point  of  view  there  is 
no  doubt  that  the  metallic  filament  is  incontcstibly  superior  to  tho 
carbon  filament.  It  is  a  matter  of  wonder  when  one  comes  to  con- 
sider what  a  remarkably  good  lamp  has  been  produced  in  so  short  a 
time  in  the  form  of  the  metallic  filament  lamp,  having  regard  to  tho 
many  years  that  were  necessary  to  bring  the  carbon  filament  to  its 
present  state  of  perfection. 

There  are  one  or  two  practical  drawbacks  in  the  use  of  lamps  which 
perhaps  one  need  scarcely  refer  to.  If  we  are  to  use  metallic  fila* 
ments  on  200  volts,  we  want  something  a  little  in  advance  of  the 
present  arrangement  for  portable  lamps.  The  portable  lamp  is  an 
important  factor  in  the  ordinary  dwelling-house,  and  for  that  purpose 
we  must  cither  use  the  25-volt  lamp  or  else  we  must  retain  the  carbon 
filament  The  question  as  to  the  effect  of  metallic  filaments  on  central 
stations  has  been  threshed  out  at  some  length  recently.  Doubtless 
there  are  many  gentlemen  present  who  know  the  results  of  their  own  • 
stations,  for,  say,  the  last  six  months'  working.  Perhaps  it  is  asking  too 
much  in  the  event  of  its  being  unfavourable  to  request  them  to  tell  us ; 
but  if  any  gentlemen  arc  present  who  happen  to  be  able  to  tell  us  that 
there  has  ticen  an  augmentation  in  the  rate  of  increase  of  their  load, 
I  beg  of  them  to  let  us  know,  and  set  our  minds  at  rest  for  ever  on  tho 
point. 

I  t)elieve  the  author  remarked  that  recently  he  had  made  an  offer  to 
London  supply  stations  to  supply  lamps  through  them.  As  I  under- 
stood it,  they  were  to  distribute  the  lamps,  and  have  the  control  of 
them.  My  own  opinion  is  that  the  author,  from  a  business  point  of 
view,  was  al>solutely  right,  and  that  the  central  stations,  when  they 
declined,  missed  a  golden  opportunity. 

Mr.  A.  A.  Campbell  Swinton  :  After  the  very  practical  remarks  Mr. 
that  have  been  made,  I  am  afraid  that  what  I  shall  say  will,  perhaps,  Swintoo. 
be  considered  of  rather  dry  scientific  interest  only.  Without  calling 
in  question  the  statement  by  the  author  that  it  has  been  sliown  *'  that 
bodies  exist  which  at  the  same  temperature  radiate  as  light  a  Larger 
percentage  of  the  supplied  energy  than  the  so-called  *  black-t>odics,' " 
I  wish  to  give  my  opinion  that,  at  any  rate,  it  is  not  at  the  present 
moment  proved  that  the  Welsbach  gas  mantle  owes  its  high  efficiency 
to  this  property,  as  the  author  states.  Dr.  Bunte  made  experiments  on 
this  subject.  He  heated  up  mantles  made  of  the  Welsbach  mixture, 
which  is  I  per  cent,  of  ceria  and  99  per  cent,  of  thoria,  in  a  furnace. 
He  heated  up  at  the  same  time  in  the  same  furnace  to  exactly  the  same 
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temperature  mantles  made  of  pure  thoria,  and  found  that  they  all  gave 
Swinton.  about  the  same  amount  of  light.  In  this  connection  I  may  refer  to  a 
paper  I  read  in  1899  at  the  Royal  Society  where  similar  experiments 
were  described,  the  two  mantles  being  simultaneously  heated  by  means 
of  cathode  rays  in  a  vacuum,  when  the  same  result  was  obtained. 
With  the  incandescent  mantle,  when  heated  in  a  Bunsen  gas  burner,  it 
is  well  known  that  the  i  per  cent,  of  ceria  enormously  increases  the 
amount  of  light,  whereas,  as  mentioned  in  the  two  sets  of  experiments 
I  have  referred  to,  the  addition  of  the  ceria  made  no  appreciable 
difference  at  all.  This  goes  to  show,  I  think,  that  it  is  not  a  mere 
question  of  selective  emissivity,  but  of  catalytic  or  other  action  which 
takes  place  only  when  these  bodies  are  heated  up  by  a  flame.  I  only 
wish  to  mention  this  point  because  I  think  it  is  undesirable  that  a 
question  which  is  still  one  of  considerable  controversy  should  be 
referred  to  as  a  settled  matter. 
^^'  Mr.  C.  C.  Paterson  :  Referring  to  the  author's  statement  that  it  is 

next  to  impossible  to  try  to  standardise  metallic  filament  lamps   by 
candle-power,  I  do  not  see  why  this  should  not  be  done,  at  least  from 
the  consumer's  point  of  view,  whatever  may  be  the  view  of  the  makers. 
Carbon  filament  lamps  have  been  standardised  by  candle-power,  and 
surely  if  a  lamp  can  be  standardised  which  varies  in  candle-power  as 
the  sixth  power  of  the  voltage,  we  ought  to  be  able  to  standardise  a 
lamp  which  varies  only  as  the  cube  or  fourth  power.    We  buy  lamps 
^  to  give  candle-power  and  not  to  consume  watts,  whatever  the  central 
station  man  may  say.     I  am  sorry  to  sec  Mr.  Hirst  expressing  so  many 
results  in  Hefner  candles.    We  have  a  British  candle,  which  is  a  per- 
fectly substantiated  one  and  is  used  in  America  and  France,  and  why 
should  we  hark  back  to  the  Hefner,  which  is  used  in  Germany  and  is 
not  generally  understood  here  ?    At  the  same  time,  in  the  curves,  I  am 
pleased  to  see  Mr.  Hirst  has  put  in  English  units  as  well.    I  have  been 
looking  at   a  number  of  test  sheets  to-day,  and   noticed  the   same 
difference  between  the  initial  performance  of  osram  lamps  as  is  shown 
in  Mr.  Hirst's  diagrams.    Some  seem  to  rise  largely  in  the  initial  stage, 
as  Test  No.  3  at  the  Reichsanstalt ;  others  drop  almost  at  the  beginning 
without  any  rise.    I  should  like  to  know  if  Mr.  Hirst  can  give  a  reason 
for  this.    It  would  be  very  interesting  to  get  some  idea  as  to  the  total 
output  of  lamps  in  Great  Britain — how  many  millions  are  made  during 
the  year  and  consumed,  and  how  many  Mr.  Hirst  thinks  it  is  |>ossiblc 
to  replace  with  metallic  filament  lamps  within  the  next  four  or  fi\e 
years.      I  do  not  know  whether  this  is  too  difficult  a  question  to  ask, 
but  we  should  like  to  get  some  idea  as  to  what  will  be  the  probable 
output  of  carbon  filament  lamps  in  the  near  future.     Mr.  Harrison  has 
made  one  remark  as  regards  gas  mantle  tests,  namely,  that  the  gas 
mantle  fell  off  very  much  from  the  beginning ;  1  must  say  that  this  has 
not  been  my  experience.    I  find,  when  testing  in  the  ordinary  way 
without  any  special  laboratory  conditions,  that  they  rise  very  largely 
during  the  first  100  hours  or  so,  but  after  150  hours  they  begin  to  drop. 
Referring  to  Mr.  Handcock's  point,  with  regard  to  the  distribution  of 
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liji^ht,  that  the  candle-power  is  always  measured  in  the  horizontal 
position,  I  really  do  not  think  this  puts  carbon  lamps  at  such  a  dis- 
advantage. Of  course  there  is  some  disadvantage,  but  not  more  than 
5  to  6  per  cent,  difference.  The  reduction  factor  for  metallic  filament 
lamps  is  about  o*8— that  is,  a  reduction  from  the  mean  horizontal  to  the 
mean  spherical.     For  carbon  lamps  it  is  about  0*85. 

Mr.  T.  W.  LowDF.N  :  From  the  title  of  this  paper  one  would  have 
expected  to  learn  something  about  recent  progress  in  tungsten  metallic 
filament  lamps,  but,  as  far  as  I  can  see,  it  refers  to  only  one  lamp — the 
osram — all  the  way  through.  We  know  there  are  other  lamps ;  we 
have  seen  them,  and  I  have  tested  some  of  them  ;  in  fact,  I  believe 
there  has  been  considerable  progress  made  during  the  past  few  months 
in  works  outside' the  osram  factor^'.  There  is  only  one  paragraph  in 
tlic  paper  I  want  to  quarrel  with,  and  that  is  on  page  648,  where  Mr. 
Hirst  says  that  "  up  to  the  present  40  to  50  c.p.  is  about  the  lowest  unit 
that  has  t>een  obtained  in  a  commercial  lamp,  and  some  extraordinary 
development  or  discovery  will  have  to  be  made  before  that  candle- 
power  can  be  largely  reduced.**  I  absolutely  deny  that  statement.  The 
British  VVcstinghouse  Company  are  at  the  present  moment  selling  230- 
volt  32-c.p.  lamps,  and  these  can  be  bought  on  the  market ;  and  I  have 
^'^''*yg<^<^  reason  to  know  that  in  a  short  time  high-volt  25-c.p.  tungsten 
filament  lamps  will  l)e  sold  and  will  be  a  stock  line.  If  we  can  have 
high-volt  tungsten  lamps  to  run  on  high-volt  circuits,  I  do  not  think  it 
is  necessary  to  say  very  much  about  running  them  in  series,  because  in 
ordinary  house  hghting  two  i6-c.p.  lamps  are  needed  to  light  a  room, 
which  could  be  substituted  for  a  32-c.p.  metal  lamp,  so  that  there  is  no 
need  to  bother  about  running  them  in  series.  Mr.  Hirst  refers  to  the 
bl.ickening  of  lamps,  which  he  thinks  may  possibly  be  caused  by 
the  vacuum  not  being  quite  as  it  should  be.  I  know  for  a  fact  that  any 
lamp  which  is  not  properly  exhausted  will  blacken  immediately,  but  I 
have  never  yet  met  a  lamp  that  has  gone  black  which  has  been  properly 
exhausted.  There  is  a  good  deal  of  credit  due  to  the  people  who  have 
invented  this  metallic  filament,  but  a  good  deal  more  has  to  be  done 
besides  making  the  Blament.  If  the  lamp  is  not  properly  made  after- 
wards, there  will  be  no  end  of  trouble,  and  I  am  sure  Mr.  Hirst  or 
Mr.  Wilson  appreciate  that. 

Mr.  C.  H.  WoRDiNGHAM  :  I  should  like  to  express  my  conviction 
that  the  metallic  filament  is  a  blessing,  and  only  a  blessings  to  the 
industry.  I  think  that  to  hear  central  station  engineers  talking  about 
raising  the  price  to  keep  out  their  greatest  friend  is  painful  in  the 
extreme.  The  people  to  get  a  revenue  from  are  the  people  who  are 
Uidng  gas,  and  the  only  possibility  of  getting  them  is  by  some  such 
epoch-making  invention  as  this,  which  cuts  the  consumption  down  to 
one-third.  Only  those  who  have  run  central  stations  know  how 
impossible  it  is  to  get  consumers,  unless  they  can  show  them  that 
a  low  price  will  be  charged.  There  is  an  ample  field  to  go  for  ;  wc 
have  not  yet  obtained  anything  like  a  decent  proportion  of  possible 
consumer^,  and  I  am  positive  it  is  the  metallic  filament  lamp  which 
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Mr.  Word-     will  enable  us  to  occupy  that  field.   There  is  one  more  remark  I  should 
Ingham.         j^j^^  ^^  make,  and   that   is  that  I  think  inventors  might  devote  their 
attention  to  doing  for  the  osram  lamp  what  has  been  done  for  the 
Welsbach  filament — namely,  invent  a  simple  and  effectual  an ti- vibration 
holder. 
Mr.  Caster.  Mr.  Leon  Gaster  :   I   should  like  to  say  a  word  as  regards  Mr. 

Hirst's  tables  showing  the  economy  to  be  derived  from  the  use  of 
osram  lamps,  on  the  basis  of  a  certain  initial  cost,  efficiency,  and 
life.  These  tables  are  only  correct  under  certain  condition— 
whether  or  no,  for  instance,  lamps  prematurely  blackened,  indicating 
defective  manufacture,  are  replaced  by  the  lamp-makers  free  of  charge. 
Docs  Mr.  Hirst  mean  to  imply  that  the  Company  will  actually  exchange 
over  the  counter  any  lamps  which  are  prematurely  blackened  in  thi^ 
way  for  new  ones  ? 

Next,  as  regards  breakage  in  transport.  As  Mr.  Hirst  truly  says, 
great  progress  has  been  made  in  the  packing  of  large  quantities  of 
lamps,  but  it  is  in  the  case  of  small  packages  that  breakages  mainly 
occur.  What  responsibility,  therefore,  are  the  Company  prepared  to 
assume  under  these  conditions?  If  the  small  consumer  is  to  bear  the 
entire  cost  of  such  breakages,  Mr.  Hirst's  table  will  quite  fail  to  repre^ 
sent  the  value  of  the  metallic  lamp  to  him,  especially  in  cases  where 
the  price  of  current  is  comparatively  low,  the  saving  caused  by  the 
reduction  of  current  is  more  than  counterbalanced  by  the  additi<raal 
price  of  lamps  and  breakages. 

In  this  connection  I  should  also  like  to  point  out  the  necessity  fw 
seeing  that  detailed  instructions  are  given  to  the  contractor,  and, 
through  him,  to  the  consumer,  as  to  the  best  method  of  using  the  lamps. 
The  value  of  the  lamp  can  be  more  appreciated  if  it  is  properly  treated- 
I  am  particularly  pleased  to  note  that  Dr.  Bell,  Mr.  Harrison,  and 
several  other  speakers  to-night  have  dwelt  upon  the  necessity  for 
softening  the  high  intrinsic  brilliancy  of  metallic  filament  lamps,  and 
have  referred  to  the  fact  that  their  greater  efficiency  enables  us  to  bear 
without  flinching  the  relatively  small  loss  in  light  caused  by  the  use  of 
suitable  diffusing  shades.  I  have  also  expressed  this  opinion  more 
than  once  in  connection  with  metallic  filament  lamps,  and  hope  it  will 
receive  due  attention. 

I  feel  we  must  congratulate  the  General  Electric  Company  on  the 
enterprising  spirit  which  they  have  shown  in  undertaking  the  manu- 
facture and  sale  of  the  osram  lamp  in  this  country,  but  it  must  be 
recognised  that  there  are  many  other  lamps  now  in  the  market 
claiming  the  same  efficiency  and  the  same  life,  of  which  Mr.  Hirst's 
paper  makes  but  brief  mention.  Is  Mr.  Hirst  as  yet  prepared  to  give 
us  any  information  regarding  the  patent  position  ? 

Lastly,  we  can  only  express  our  admiration  at  the  immense  energy 
and  deep  scientific  knowledge  displayed  by  the  inventors  and  lamp- 
makers  in  the  production  of  a  serviceable  metallic  filament  lamp  and 
the  recent  improvement  in  its  manufacture. 

To  my  mind  the  use  of  transformers  vntb  metallic  filament  lamps, 
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though  convenient  at  present,  is  only  to  be  regarded  as  a  temporary   Mr.Oaster. 
expedient,  until  the   higher   voltage  and  low-candle-power  lamp  is 
available,  which  may  not  be  very  long. 

Mr.  J.  S.  Raworth  :  I  remember  the  time  when  25s.  was  paid  ^(,^^1, 
for  carbon  filament  lamps,  and  when  the  box  was  opened  half  of  them 
were  broken.  Therefore,  I  wish  to  say  to  Mr.  Hirst  that  even  if  there 
is  a  little  fragility  in  his  new  lamps  he  need  not  be  downhearted  about 
it,  because  this  has  been  cured  with  regard  to  the  carbon  lamp,  and, 
no  doubt,  it  will  be  cured  with  regard  to  the  osram  lamp.  I  am 
rather  annoyed  that  Mr.  Drake  says  that  we  do  not  use  our  lamps  with 
sufficient  intelligence,  but  at  the  same  time  I  think  that  this  is  partly 
true.  In  my  own  drawing-room  I  have  six  lamps  which  have  been 
there  for  ten  years.  If,  however,  I  thought  that  the  lamps  were  using 
more  current  all  the  time,  then  I  would  have  them  down  to-morrow, 
even  if  I  had  to  send  for  the  gasfitter  to  do  it.  Twenty-five  years  ago, 
when  the  "  Swan  "  lamp  came  out,  I  read  a  paper  before  one  of  the  scien- 
tific societies  of  Manchester  upon  the  electric  light  of  the  future,  and 
pointed  out  that  for  every  ton  of  coal  they  were  then  biu*ning  under 
their  boilers  to  produce  electric  light  only  half  a  pound  of  it  eventually 
appeared  in  the  shape  of  light.  I  have  forgotten  how  I  obtained  the 
data  for  this  calculation— it  may  have  been  by  weighing  glow-worms. 
The  fact  remains  that  they  have  been  going  on  for  twenty-six  years,  and 
have  t>een  burning  three  times  as  much  coal  under  their  boilers  as  they 
should  have  done,  and  to  those  who  have  spoken  of  giving  the  carbon 
filament  Limp  a  chance  my  answer  is  that  it  has  none.  The  manager 
of  one  of  the  largest  lamp  factories  in  this  country  came  to  me  the  other 
day  and  said  that  he  must  have  a  metallic  filament  lamp  because  he 
could  not  sell  carbon  lamps.  This  was  a  very  good  reason,  and  I  do 
not  think  there  is  a  better  one  in  the  world. 

Mr.  Hirst  (in  reply):  I  feel  very  much  flattered  with  the  kind  Mr.  Hirst, 
reception  which  has  been  accorded  to  my  paper  and  with  the  excellent 
contributions  to  the  discussion.  First  of  all,  I  wish  to  say  that  I  tried 
in  my  paper  to  keep  the  manufacturer  in  the  foreground  and  the 
trader  in  the  background  ;  but  the  questions  that  have  t)een  put  to  me, 
and  the  points  that  have  t)een  raised,  necessitate  an  answer  being  given 
in  my  capacity  as  a  trader.  Mr.  Gaster  and  others  put  to  me  ques- 
tions which  I  can  only  answer  in  the  way  that  has  l^en  indicated 
by  Dr.  I^uis  Bell.  We  arc  not  very  well  organised  in  this  country 
for  introducing  a  new,  delicate,  scientific  apparatus.  In  America  and 
Germany  manufacturers  are  station  engineers  as  well ;  they  are  traders 
in  direct  contact  with  the  consumers,  and  they  can  produce  a  new 
thing  carefully  throughout  from  the  beginning  to  the  end.  We  have 
to  reckon  here  with  a  different  state  of  affairs,  and  that  is  why  one 
meets  with  difficulties  that  are  prevailing  to  a  less  degree  in  other 
countries.  That  is  why  I  first  of  all  suggested  that  central  stations 
should  try  and  take  the  matter  up ;  but  what  was  the  answer  of  the 
central  station  engineers  ?  "  We  cannot  fall  out  with  the  contractors  ; 
it  is  their  business."    Surely,  if  anybody  cannot  afford  to  fall  out  with 
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Mr.  Hirst.       the  Contractors  it  is  myself.    Contractors  have  got  into  the  way  of 
considering  a  lamp  as  a  lamp,  and,  in  spite  of  jiU  advice,  they  do  not 
take  anything  that  comes  from  a  supplier  as  serious.    \Vc  would  like 
to    sell  shades   with  the   lamps,  as  is    the    practice   in   the    United 
States,  as  Dr.  Bell  mentions.    We  have  various  ideas  as  to   how  to 
overcome  this  difficulty  of  "fierce  light,"  but  we  cannot  get  at  the 
consumer.   We  have  told  the  contractors,  "  The  lamps  break  if  you  put 
them  roughly  on  the  table,  and  if  you  jerk  them  when  you  put  them  in 
the  switch-holder  " ;  we  have  told  them  that  they  must  not  be  burnt 
upside  down,  or  in  this  or  that  position,  but  how  few  contractors  are 
organised  to  inform  the  consumer  accordingly.    It  is  exactly  the  same 
with  regard  to  series  running  ;  even  station  engineers  at  the  beginning 
did  not  take  our  instructions  as  serious.     Therefore,  a  lot  of   these 
complaints  are  due,  not  to  the  make  of  the  lamp,  not  to  the  way  it  has 
been  introduced,  but  to  the  awkward  trading  conditions  existing  in  this 
country.    When  experience  has  taught  the  consumers — that  is  to  say, 
when  the  public  have  paid  for  it — then  they  will  believe.     Whenever 
Mr.  Gaster  rises  to  speak,  he  contributes  to  the  gaiety  of  nations,  and 
he    reminds    me    that    I    promised    to    be    liberal    with    regard    to 
blackened  lamps.    We  have  been  liberal  as  far  as  we  know,  and  all 
the  leading  contractors  will  bear  me  out  in  that ;  but  how  many  small 
contractors  are  there  who  had  blackened  lamps  exchanged  by  us  who 
do  not  think  it  necessary  to  exchange  them  again  for  the  customer  ? 
I  do  not  say  that  in  an  unkind  way ;  they  do  it  as  a  matter  of  business, 
and  we  have  no  power  to  control  them  ;  but  I  wish  to  assure  you,  in 
all  earnestness,  that  the  claim  for  blackened  lamps  is  an  absolutely 
negligible  quantity.    I  am  surprised  that  has  been  mentioned  at  aU. 
At  the  initial  stages  of  manufacture  a  few  mistakes  occurred,  probably 
due  to  inexperienced  labour ;  but  since  then  such  precautions  have 
been  taken  that,  to  my  knowledge,  no  instances  of  blackening  have 
occurred  in  recent  deliveries. 

Mr.  Harrison  spoke  about  drawing  tungsten,  and  various  speaker^ 
have  referred  to  certain  matters  connected  with  the  industry  of 
metallic  lamps  as  State  secrets.  Needless  to  say,  if  tungsten  could, 
according  to  our  knowledge,  be  drawn  at  high  temperature  into  wire, 
I  would  have  put  it  in  my  paper.  It  will  be  very  interesting  to  notice 
whether  the  patent  which  exists  will  prove  of  commercial  value ;  I  cannot 
give  any  definite  information  on  that  point.  As  regards  series  running, 
it  is  perfectly  correct  that  the  lamps  are  paired  in  steps,  with  a  maxi- 
mum possible  variation  of  tou^^  o^  ^"  ampere,  and  I  can  only  say  that 
our  experience  amply  proves  that  we  are  quite  justified  in  adhering  to 
this  standard.  Series  running  has  proved  a  success  all  along  from  the 
moment  it  was  properly  understood.  If  I  say  that  series  running  will 
have  to  continue,  because  I  am  afraid  no  low  candle-power  high- voltage 
lamps  will  come  on  the  market  at  an  early  period,  I  say  so  because  of 
what  I  know  as  a  manufacturer.  Twice  the  number  of  filaments  are 
necessary  for  a  200-volt  lamp  than  for  a  loo-volt  lamp,  and  I  fail  to  sec 
how,  with  the  present  methods,  we  can  get  a  smaller  unit  of  light     If, 
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however,  there  are  other  methods,  I  think  it  will  take  some  consider-  Mr.  Hint 
able  time  before  these  methods  will  be  introduced.  That  is  ray 
opinion.  I  wish  the  Institution  to  know  that  it  is  no  use  saying  that 
in  a  month,  two  months,  six  months,  or  twelve  months,  high  voltage 
low  candle-power  lamps  will  be  a  marketable  commodity.  We  our- 
selves— when  I  say  "  we,"  I  mean  the  aUied  companies  on  the  Conti- 
nent, who  now  make  millions  of  lamps — have  no  idea  how  a  lamp  can 
be  commercially  made  with  an  appreciably  lower  unit  at  the  same 
efficiency.  I  have  seen  25-c.p.  200-volt  lamps,  but  the  price  would 
not  be  a  commercial  one  at  all.  With  reg-ard  to  what  has  been 
said  about  the  question  of  breakage,  I  can  only  say  that  it  is  quite  an 
exaggerated  idea  that  the  lamps  break  unduly.  We  introduced  a  5  per 
cent,  breakage  allowance  for  all  who  buy  these  lamps.  We  have 
recently  offered  to  exchange  all  lamps  that  are  broken,  but  of  course 
we  will  not  give  people  the  5  per  cent,  breakage  as  well ;  and  I  do  not 
know  of  a  single  instance  in  which  the  user  took  advantage  of  that 
offer.  That  is,  after  all,  the  best  proof  that  the  breakage  cannot  be  bO 
terribly  high.  I  am  convinced  that  the  breakage  has  been  more  due 
to  the  careless  way  of  opening  the  packages  and  handling  the  lamps 
when  they  arrive  than  to  actual  breakages  in  transit. 

I  will  now  answer  Mr.  Handcock's  questions  as  to  why  I  use  Hefner 
candle-power.  I  do  this  for  the  reason  that  the  lamps  come  from 
countries  in  which  Hefner  candle-power  is  generally  used.  The  figures 
are  given  in  all  official  tests  that  exist,  and  I  did  not  wish  to  introduce 
all  at  once  other  figures  which  are  not  familiar,  and  might  lead 
to  complications.  I  have  no  doubt  that  in  due  course  all  these  lamps 
will  be  dealt  with  in  English  candle-power,  though,  personally,  I  must 
say  that  if  I  can  prevent  these  lamps  being  sold  by  candle-power  at  all, 
I  should  like  to  do  so.  I  should  like  to  classify  these  lamps  by  watts, 
as  I  think  Dr.  Bell  said  is  done  in  America,  where  they  are  sold 
as  loo-watt,  60-watt,  and  40-watt  lamps,  and  not  by  candle-power. 

Dr.   BiCLL :  They  are  rated  in  watts,  but  the  candle-power  is  dis-   Dr.  BcU. 
tinctly  part  of  the  rating.    They  are  understood  to  t>e  run  at  i^  watts 
per  English  candle. 

Mr.  Hirst:  I  think  we  shall  have  a  very  good  case  if,  when  the  Mr. Hint 
Standards  Committee  goes  into  this  matter,  we  stick  out  for  watts.  As 
to  Mr.  Campt>ell  Swinton's  remarks  with  regard  to  the  question  of  the 
white  bodies  at  a  high  temperature  beating  the  black  bodies  so  far  as 
the  radiation  is  concerned,  I  do  not  suggest  that  I  make  this  statement 
on  the  strength  of  my  own  experience.  The  information  has  been  given 
to  me  by  the  inventors  of  the  incandescent  gas  mantle  and  those  who 
have  been  working  on  that  theory,  and,  as  the  collector  of  that  informa- 
tion, I  thought  it  wise  to  give  it  to  this  meeting. 

With  further  reference  to  Mr.  Harribon's  allusion  to  a  patent  of  the 
AmcTican  General  Electric  Company,  in  which  they  propose  to  make 
filaments  by  heating  tungsten  up  to  a  temperature  below  that  of  oxiila- 
tion,  and  thus  making  it  ductile,  I  dimply  want  to  ^ay  it  will  have  to  be 
proved  whether  it  ib  a  practical  process. 
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Mr.  Hirst.  Mr.  Drake  put  the  question  why  metal  lamps  are  stated  to  have  2 

longer  life  in  winter  than  in  summer.  I  wish  to  say  that  though  I  havt 
heard  remarks  of  this  kind  repeatedly,  it  has  never  yet  l>een  authenti- 
cally proved.  I  can,  however,  conceive  that  this  is  correct,  on  account 
of  the  adverse  influence  of  higher  temperature  upon  incandescent  lamp>. 
It  is  known,  for  instance,  that  metal  filament  lamps,  when  enclosed  in 
water-tight  fitting  without  any  ventilation  holes  whatsoever,  have  2 
shorter  life  than  in  the  open  atmosphere  ;  and  with  all  street  lighting 
fittings  I  recommend  to  have  a  hole  drilled  in  the  outer  globes  to  ensure  a 
certain  amount  of  ventilation,  which  remedy  has  been  found  absolutely 
satisfactory.  It  increases  the  life  of  the  lamp  to  a  remarkable  extent 
Apart  from  this  fact,  it  has  been  proved  by  experiments  (not  only  cm 
osram  lamps,  but  on  any  other  lamps,  that  is,  carbon  filament  lamps  a; 
well),  that  the  Hfe  is  to  some  extent  dependent  upon  the  temperature  in 
which  the  lamps  have  to  work. 

With  regard  to  Mr.  Drake's  remark  comparing  the  cost  of  acetylene 
with  that  of  low  voltage  installations,  such  as  we  have  put  on  tht 
market  in  connection  with  small  country  house  lighting  plants,  I  60 
not  quite  agree  with  his  figures,  inasmuch  as  I  think  that  electric  light  wilh 
low  voltage  installations  will  work  out  even  at  a  lower  price  than  2d. 

The  question  brought  up  by  Mr.  Bell,  whether  it  would  be  more 
advisable  to  run  osram  lamps  at  i|  watts  per  candle  (English)  or  1  watt 
per  English  candle,  is  one  which  is  difficult  to  answer  generally,  becau^* 
it  really  depends  upon  the  percentage  of  the  total  cost  of  lighting  which 
is  represented  by  the  lamp  cost,  since  it  is  natural  that  the  lamp  with 
the  highest  efficiency  (even  if  of  slightly  shorter  life)  is  preferable  on 
circuits  with  high  cost  of  current  per  unit,  while  a  slightly  less  efficient 
lamp  with  a  longer  life  will  prove  more  economical  on  circuits  with 
lower  cost  per  unit. 

The  Osram  Company  have  made  comparative  tests,  showing  how 
the  life  of  the  lamp  varies  when  run  at  different  figures  of  efl&ciency 
(watts  per  candle),  and  the  present  lamp  is  the  outcome  of  these  test5, 
carefully  considering  the  average  cost  of  electricity,  and  thus  ensuring 
best  all-round  conditions  for  the  lamp. 

Considering  the  many  authentic  proofs  and  tests  we  have,  showing 
that  a  large  percentage  of  lamps  burn  2,000  hours  and  more,  there  doe> 
not  seem  any  reason  to  go  away  from  the  efiiciency  arrived  at 

With  regard  to  Mr.  Bell's  remark  that  he  has  heard  of  a  lamp  with 
a  consumption  of  J  watt  per  candle,  I  may  state  that  the  osram  lamp 
can  be  run  at  some  such  efficiency,  but  of  course  the  useful  life  would 
then  be  very  much  less.  The  rumour  has  probably  emanated  from 
some  laboratory  where  a  lamp  ran  at  the  efficiency  mentioned,  but  no 
life  tests  were  taken.  The  experiment,  of  course,  is  of  theoretical 
interest,  but  of  no  practical  value  whatsoever. 

Mr.  Handcock  points  out  that  if  one  compares  carbon  filament 
lamps  with  osram  lamps,  one  should  theoretically  take  into  consideration 
the  mean  spherical  candle-power,  not  the  horizontal  candle-power.  I 
quite  agree  with  him.     In  practice,  however,  it  will  be  found  tliai  the 
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difference  is  a  very  small  one ;  though  immediately  vertically  under  Mr.  Hint, 
the  lamp  the  light  emitted  by  the  tungsten  lamp  is,  as  I  quite  agree, 
small,  a  perceptible  amount  is  already  reached  at  an  angle  of  7°  from 
the  vertical  line.    This,  for  all  practical  purposes,  of  course,  is  quite 
sufficient. 

I  quite  agree  with  Mr.  Handcock  that  too  little  importance  is 
attached  to  the  fact  that  one  should  not  really  compare  efficiencies  of 
lamps  at  the  beginning  of  their  life,  but  when  judging  them,  should 
take  into  account  the  average  efficiency  during  their  life.  The  osram 
lamp,  of  course,  will  show  up  better  still  in  this  comparison,  because, 
while  the  efficiency  of  a  carbon  filament  lamp  with  an  initial  watt 
consumption  of,  say,  3-5  watts  per  candle,  increases  in  1,000  hours,  say, 
to  4*2  watts  per  candle  (that  is,  at  least,  20  per  cent.),  the  corresponding 
increase  with  a  tungsten  lamp  will  be  on  an  average  about  6  per  cent. 
While,  therefore,  the  average  efficiency  of  the  osram  lamp  is  about 
3  per  cent,  less  than  the  initial,  the  average  efficiency  of  the  carbon 
tilament  lamp  will  be,  at  least,  about  17  per  cent.  less. 

Mr.  Lowden  reproaches  me  with  only  giving  particulars  of  lamps 
made  under  the  Osram  and  Just-Hanaman  process.  I  think,  if  he  reads 
a  little  more  carefully  what  I  say  on  page  641,  he  will  find  that  his 
remarks  arc  not  quite  correct,  and  that,  after  going  into  the  patent 
question,  I  say, "  I  iK'lieve  I  am  right  in  maintaining  that  of  the  multi- 
tude of  processes  that  have  been  applied  for  and  tried  since  the  first 
application  of  the  Deutsche  Gasgluhlicht  Aktiengesellschaft  and  the 
Just  and  Hanaman  patents,  these  two  alone  have,  during  the  last  two 
years.produced  to  the  world  commercial  and  useful  lamps."  I  therefore 
limit  myself  to  these  and  refrain  from  dealing  with  lamps  which  arc  not 
yet  out  of  the  experimental  stage,  nor  even  those  that  arc  made  after 
patents  of  doubtful  validity. 

I  quite  agree  with  Mr.  Lowden  that  there  arc  some  other  lamps  as 
well  on  the  market.  I  have  seen  some,  too ;  but  where  Mr.  Lowden  is 
most  wrong  is,  that  he  anticipates  those  lamps  being  made  by  inde- 
pendent processes,  whilst  I  have  definite  information  to  show  that  they 
have  been  made  with  disregard  of  the  patents  ^  the  Deutsche  Gas- 
gluhlicht Company  and  Just  and  Hanaman. 

Mr.  Lowden  states  that  230*volt  25-c.p.  lamps  are  on  the  market. 
Of  course,  this  is  a  statement  which  anyt>ody  can  prove,  or  rather 
disprove,  himself.  I  do  not  mean,  of  course,  that  it  is  impossible  to 
make  one  25-c.p.  lamp  (Hefner  candle)  for  230  volts ;  but  I  am  always 
speaking  of  manufacturing  in  commercial  quantities  lamps  with  a 
commercial  life  and  with  a  commercial  price,  which  is,  of  course,  the 
only  thing  which  is  of  real  interest  to  us. 

In  conclusion,  I  thank  the  mcmtxu's  for  the  attention  they  have 
paid  to  this  paper. 

On  the  motion  of  the  President  the  thanks  of  the  meeting  wcr« 
unanimously  accorded  to  Mr.  Hirbt  for  his  valuable  paper. 
The  meeting  adjourned  at  9.30  p.m. 
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POLYPHASE  INDUCTION  MOTORS  :  THE  CHOICE 

OF  TYPE. 

By  George  Stevenson,  Associate  Member. 

{Paper  received  from  the  Glasgow  Local  Section,  February  26,  and  read 
at  Glasgow,  April  14,  1908.) 

Experience  in  the  industrial  application  of  electrical  energ>'  has 
shown  that  it  is  desirable  to  adhere  as  closely  as  possible  to  the 
following  main  considerations  in  the  lay-out  of  a  motor  installation, 
namely : — 

1.  The  elimination   of  all  energy-consuming  links  between   the 

motor  and  its  work. 

2.  Hie  adoption  of  standard  sizes  of  motors. 

3.  The  use  of  as  few  such  sizes  as  is  consistent  with  economy 

in  the  initial  outlay  and   in  the  ultimate  operation  of  the 
plant 

These  considerations  are  now  so  universally  recognised  as  to  make 
it  unnecessary  to  examine  them  in  detail.  The  author  ventures  to 
suggest,  however,  that  there  is  a  fourth  point  worthy  of  more  careful 
study,  namely,  the  attainment  of  greater  simpHcity  in  the  electrical 
part  of  the  equipment.  This  desirable  end,  in  the  author's  opinion, 
can  now  be  more  easily  arrived  at,  on  account  of  the  greatly  extended 
use  of  2-  and  3-phase  motors  for  general  industrial  purposes.  The 
present  paper  is  based  on  experience  gained  in  the  conversion  of 
various  classes  of  machines  from  steam  to  electric  driving,  with  special 
reference  to  the  question  of  simplicity  in  the  motor  and  starting  gear 
in  connection  therewith.  The  engineer  engaged  in  the  appHcation  of 
induction  motors  has  two  classes  to  choose  from,  namely  : — 

(a)  Those  with  short-circuited  or  **  squirrel-cage  "  rotors, 
(6)  Those  with  slip-ring  or  wound  rotors. 

Naturally,  the  first  thing  to  consider  is  the  comparative  cost  of 
the  two  classes  of  motor,  since,  other  things  being  equal,  the  choice 
will  invariably  fall  on  the  cheaper  machine.  Curves  A  and  B  (Fig.  i) 
for  a  standard  line  of  50-00  500-volt  motors,  show  that  the  advantage 
in  this  respect  is  on  the  side  of  the  squirrel-cage  type.  The  prices  are 
taken  from  makers'  lists,  and  do  not  include  starters.  If  these  latter 
are  allowed  for,  then  the  squirrel-cage  motor  comes  out  still  cheaper 
in  sizes  up  to  and  including  50  H.P.,  because,  as  will  be   shown  later, 
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the  starting  gear  for  this  t3rpe  is  much  simpler  and  less  expensive 
than  that  required  for  the  motor  with  wound  rotor  (curves  A,  and  B, 
Fig.  2).  Above  50  H.P.  the  prices  of  both  types  are  practically  the 
same.  It  should  be  mentioned  that  the  motors  here  referred  to  were 
chosen  with  speeds  to  suit  their  individual  outputs.    Thus  the  5- H.P. 
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machine  is  designed  for  a  synchronous  speed  of  1,000 ;  the  50- H.P* 
for  500,  and  the  100- H.P.  for  500  revs,  per  minute,  these  being  about 
the  usual  speeds  which  would  be  adopted  in  practice. 

With  respect  to  the  relative  weights  of  the  two  types  there  is  not 
much  difference,  the  squirrel-cage  machine  t>eing  only  about  3  per 
cent  Ughter.    The  effictendes,  power  factors,  and  overload  capacities, 
Vol  41.  44 
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however,  are  slightly  higher  for  the  squurel-cage  type,  but  the  out- 
standing feature  in  the  general  comparison  is  undoubtedly  the  extreme 
simplicity  of  the  revolving  element  (Fig.  3),  which  consists  of  nothing 
more  than  a  number  of  copper  bars  parallel  to  and  surrounding  the  shaft 
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and  embedded  in  an  iron  core,  with  their  ends  connected  by  rings. 
As  compared  with  class  (6)  rotor.  Fig.  4,  it  will  be  seen  that  the 
absence  of  moving  contacts  in  class  (a)  machine — which  makes  it 
absolutely  sparkless,  and  therefore  specially  suited  for  operation  in 
mines,  or  mills  where  dangers  from  explosive  mixtures  or  gases  exist — 
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is  a  conspicuous  advantage.  Moreover,  the  robust  construction  of  the 
rotor,  due  to  the  entire  absence  of  coils  and  their  attendant  insulation, 
is  a  characteristic  of  this  class  of  motor  which  appeals  strongly  to  the 
mechanical  engineer.  It  would^therefore  appear  from  the  foregoing 
comparison  that  class  {a)  motor  should  be  installed  in  every  case, 
but,  unfortunately,  it  has  the  serious  disadvantage  that  unless  suitable 
precautions  are  taken  on  starting  up,  a  somewhat  excessive  current 
is  drawn  from  the  line,  and  if  the  starting  current  is  reduced,  then 
the  starting  torque  is  diminished  in  proportion.  There  arc  several 
excellent  methods  of  reducing  the  starting  current  to  a  reasonable 
figure,  but  nevertheless  it  is  still  the  practice  of  some  supply  authorities 
to  prohibit  entirely  the  connection  to  their  system  of  squirrel-cage 


Fig.  3. 


machines,  except  in  the  very  smallest  sizes.  As  will  be  shown  later, 
^the  views  of  the  various  power  companies  differ  considerably  in  this 
respect. 

In  order  to  ascertain  for  himself  what  could  be  done  with  standard 
motors,  the  author  some  time  ago  made  a  series  of  tests  to  determine — 

1.  The  current  taken  from  the  line  at  starting  in  terms  of  the 

full-load  current 

2.  The  resulting  torque. 

The  machines  tested  were  all  built  for  operation  on  a  500-volt,  50- rsj 
3-phasc  circuit.  The  figures  given  in  Table  I.  were  obtained  by 
passing  a  current  through  the  stator  at  about  130  volts  pressure, 
while  the  rotor  was  prevented  from  rotating,  since  it  would  obviously 
be  unsafe  to  subject  the  stator  to  the  full  working  pressure  under  such 
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conditions.  The  amperes  at  500  volts  were  then  calculated  from  the 
test  results,  on  the  assumption  that  the  current  is  directly  proportional 
to  the  impressed  E.M.F. 


Table  I. 


Size.' 
B.H.P. 

Full  Load. 

Current  at 
SUndstiU 

starting  Current 

in  Terms  of 
FuU-load  Current. 

Remarks. 

2-5 

II'O 

33-0 

Amperes. 

3-00 

625 

1300 

37-00 

Amperes. 
180 

23'5 

75-0 

I68-0 

6^=375 

S-S7S 

168 

^=4-55 

Motor 

switched 

straighten    ! 

to  line, 

stators  A 

connected. 

1 

On  account  of  the  fact  that  alternating  current  plant  is  usually 
designed  for  somewhat  low  magnetic  saturation  in  the  iron,  and  m<Mx- 
over  as  the  saturation  is  particularly  low  in  the  test  referred  to  at)ove, 
this  assumption  may  be  taken  as  being  sufficiently  accurate  for  all 
practical  pur|>oses.  It  will  be  seen  from  an  inspection  of  column  4 
that  squirrel-cage  motors,  if  switched  straight  on  to  the  line,  will  take 
from  4*55  to  6  times  their  full-load  currents.  The  adoption  of  this 
method  of  starting  is,  therefore,  out  of  the  question,  except  in  the  very 
smallest  sizes,  say  up  to  10  B.H.P.,  on  account  of  the  violent  disturb- 
ances which  would  result  to  the  supply  pressure.  Moreover,  the  power 
factor  under  these  conditions  is  of  the  order  of  0*4,  and  this  causes 
excessive  idle  or  "  wattless"  currents  in  the  line,  thus  a£Fecting 
objectionably  the  pressure  regulation  of  the  system. 

In  order  to  determine  the  starting  torque  two  additional  tests 
require  to  be  made,  and  recourse  must  then  be  had  to  the  circle 
diagram.  Since  the  process  involved  is  somewhat  lengthy,  the  figures 
for  one  machine  only  have  been  worked  out  in  detail,  namely,  the 
motor  rated  at  33  H.P.  The  complete  construction  is  given  in 
Appendix  I.  at  the  end  of  the  paper,  from  which  it  is  found  that 
the  starting  torque  for  the  machine  in  question  will  be  about  1*13  times 
the  full-load  torque,  and  this  with  a  starting  current  equal  to  4*55 
times  full-load  current. 

These  figures  may  be  taken  as  being  fairly  representative  of  good 
modern  machines,  although  by  a  special  design  of  rotor  it  is  possible 
to  improve  very  considerably  the  results  given  above.      Having  ex- 
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amioed  the  defects  of  squirrel-cage  machioes,  so  far  as  their  starting 
capabilities  are  concerned,  it  remains  to  be  seen  to  what  extent  these 
can  l)c  overcome.  The  problem  resolves  itself  entirely  into  methods 
which  will  permit  of  : — 
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Fig.  5.— Coonectioas  of  Starting  Switch  for  3-phasc  Squirrd-cage 
Induction  Motors. 


1.  A  reasonable  starting  current  t>eing  drawn  from  the  line. 

2.  Such  arrangements  in  the  disposition  of  the  motor  in  relation 

to  its  work  as  will  enable  it  to  start  under  comparatively 
light  load  conditions,  say,  not  exceeding  half  full-losul 
torque,  or  alternatively,  if  the  above  conditions  cannot 
be  met. 

3.  The  adoption  of  a  special  form  of  "  high  torque  "  rotor. 

I.  In  the  author's  view,  one  of  the  most  attractive  methods  of 
starting  induction  motors,  when  the  operating  conditions  of  the  driven 
machinery  permit,  is  to  keep  all  the  motors  coupled  up  to  the  line  and 
start  them  simultaneously  with  the  engine  and  generator.  This 
method,  however,  cannot  be  used  except  where  the  installation  in- 
cludes the  generating  plant  The  current  taken  at  starting  is  very 
small  with  this  arrangement,  but  it  would  appear  to  be  necessary  to 
have  separately  driven  exciters,  in  order  that  the  main  generator  may 
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be  started  from  rest  with  full  voltage  on  the  field.  Facilities  for 
starting  any  individual  motor  would  also  have  to  be  provided,  since 
it  would  obviously  not  be  feasible  to  shut  down  the  whole  plant  and 
start  afresh  in  the  event  of  one  motor  being  put  out  of  action.  So 
far  as  th»  author  knows,  the  system  has  not  been  adopted  in  this 
country  ;  the  only  eitample  which  he  has  heard  of  being  that  of  a 
cotton  mill  in  Georgia,  United  States. 

Viewed  from  the  standpoint  of  simplicity,  perhaps  the  next  best 
method  of  starting  class  (a)  machines  is  that  patented  by  H.  S.  Meyer, 
The  method  adopted  in  the  case  of  2-phasc  ipotors  is  to  connect  the 
stator  windings  in  series  at  starting  (Fig.  5),  so  that  the  voltage  per 
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Fig.  6. — Connections  of  Starting  Switch  for  3-phase  Squirrel-cage 
Induction  Motors. 


phase  is  only  half  of  the  line  voltage,  and  the  starting  current  and 
torque  are  reduced  to  one  quarter  the  value  they  would  have  if  full 
voltage  were  impressed  at  the  motor  terminals.  After  the  machine 
has  run  up  to  speed  the  switch  (Fig.  8)  is  thrown  over  to  the  run- 
ning position,  when  each  phase  receives  its  full  pressure.  In  the 
case  of  3-phase  motors  they  are  designed  for  running  normally  on 


Fio.  S.-  Oil  Immcrsctl  Starting  Switch 
for  2-  and  .Vphasc  Squirrcl-ca>»c 
Motors. 


Fig.  11. —Starting  Coin|>cnsator  with 
Oil  Hrcak  Switch  lor  large 
Squirrcl-cagc  Motor>. 
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delta  connection,  the  starting  being  effected  by  switching  on  to  the  line 
with  the  windings  connected  in  Y  grouping  (Fig.  6).    By  this  means 

the  voltage  per  phase  at  starting  is  only-^-  or  58  per  cent,  of  the  line 

voltage.  The  starting  current  and  torque  are,  of  course,  also  reduced  ; 
for  instance,  taking  the33-H.P.  machine  to  which  reference  has  already 
t>een  made,  the  starting  current  would  be  only  one-third  of  that  taken 

if  motor  were  switched  straight  on— that  is,  ^55  =  1-5  times  full-load 

ciuTcnt    The  starting  torque  being  proportional  to  the  square  of  the 

voltage  would  be  reduced  in  the  ratio  500":  f     ,  V— that  is,  as  3  :  i,  or 

one-third  of  its  value  at  full  load.  The  author  has  used  these  methods  for 
2-  and  3-phase  machines  up  to  50  H.P.  with  excellent  results.  The 
switch  (Fig.  7)  is  of  the  air-break  type  for  motors  up  to  20  H.P.  on  a 
500-volt  circuit.  Above  this  size  it  is  good  practice  to  use  an  oil-break 
switch  (Fig.  8).  As  a  practical  example  of  what  can  t>e  accomplished 
in  the  way  of  starting  with  this  device,  mention  may  be  made  of  a 
lo-H.P.  machine  which  starts  easily  a  3-in.  diameter  line  shaft  75  ft 
long,  having  12  pulleys  and  belts  at  intervals  along  its  length,  and 
running  in  12  ordinary  bearings.  Nine  vertical  drilling  machines  and 
three  pairs  12-in.  emery  wheels  are  driven  from  the  motor  through  this 
line  shaft 

It  is  interesting  to  notice — turning  for  a  moment  to  a  side  issue — 
that  power  users  arc  at  last  beginning  to  realise  the  effect  of  shafting 
and  other  f rictional  losses  on  their  bills  for  current,  with  the  result  that, 
in  new  equipments  at  all  events,  high-class  roller  bearings  are  taking 
the  place  of  the  old  solid  pattern.  The  item  of  extra  first  cost  is  always 
a  stumbling-block  in  the  introduction  of  new  methods,  but  just  as  the 
lighting  consumer  has  become  educated  up  to  the  advantages  accruing 
from  the  use  of  high-efftciency  lamps,  and  is  prepared  to  pay  a  good 
price  for  them,  so  also  the  power  user  will  eventually  recognise  that 
low  initial  outlay  is  not  always  to  his  advantage.  The  saving  in  power 
effected  by  the  adoption  of  roller  bearings  is  stated  by  the  makers  to 
be  from  10  to  25  per  cent,  and  they  claim  that  the  extra  initial  cost  will 
be  returned  in  the  first  year's  operation  by  the  saving  in  power  alone. 
The  author  is  unable  to  say  to  what  extent  these  statements  are  tx>me 
out  in  actual  practice.  Doubtless  the  discussion  will  elicit  some  6gures 
on  this  point. 

With  this  brief  digression,  and  returning  to  the  subject  under 
consideration,  mention  may  now  be  made  of  what  is  probably  the 
commonest  method  of  starting  squirrel-cage  machines,  namely,  the  use 
of  the  so-ca^Kl  compensator  or  auto-starter.  The  underlying  principle 
of  this  typ^of  starter  will  l>c  understood  by  an  inspection  of  Fig.  9. 
The  arrangement  is  equivalent  in  effect  to  a  step-down  transformer. 
When  the  switch  is  placed  in  the  starting  position,  the  voltage  across 
the  motor  terminals  is  only  a  fraction  of  the  line  voltage.  After  the 
motor  has  reached   normal   speed,  the   switch    is  thrown  into  the 
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"  Running "  position,  and  the  motor  is  then  supplied  at  the  fall-line 
voltage.  The  compensator  windings  for  a  3-phase  motor  consist  of 
one  coil  for  each  phase,  with  each  coil  placed  oo  a  separate  leg  oi  a 
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Fig.  9. — Principle  of  Compensator. 

laminated  iron  core.  Each  coil  is  provided  with  several  taps,  so  that  a 
number  of  sub-voltages  may  be  obtained,  any  one  of  which  may  be 
selected  for  permanent  connection  to  the  switch  for  starting  the  motor, 
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Fig.  10.— Connections  of  Starting  Compensator  to  3-phase  Induction  Motor. 


according  to  individual  requirements.  The  three  coils  dl^hc  3-phase 
winding  are  connected  in  "  Y,"  the  line  to  the  three  free  ends  of  the 
coils,  and  the  starting  connections  of  the  motor  to  the  taps  (Fig.  lo). 
To  meet  various  requirements,  compensators  for  standard  motors  of  5, 
10,  and  15  H.P.  are  usually  provided  with  taps  for  starting  the  motor  at 
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40,  60,  and  80  per  cent,  of  the  line  voltaf^e,  with  respective  line  currents 
equal  to  16,  36,  and  65  per  cent,  of  the  current  that  would  be  taken  by 
the  motor  if  no  compensator  were  used.  For  larger  motors  com- 
pensator taps  should  t>e  provided  giving  potentials  equal  to  40,  58,  70, 
and  85  per  cent,  of  the  line  voltage,  and  respective  currents  equal  to  16, 
34,  50,  and  72  per  cent  of  the  current  that  would  be  taken  by  the 
motor  if  it  were  started  direct  from  the  line.  The  proper  tap  for  giving 
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Fig.  12. — Connections  for  starting  a  number  of  3.phasc  Induction  Motors 
from  one  Starting  Compensator. 


maximum  starting  effort  without  causing  an  objectionable  voltage 
variation  in  the  supply  circuit  may  readily  be  ascertained  by  trial,  and 
permanently  connected,  at  the  time  of  installation. 

A  defect  of  the  ordinary  pattern  of  compensator  fitted  with  the  usual 
throw*over  switch  is  that  the  motor  may  be  switched  straight  on  to  the 
line  by  a  careless  attendant,  thus  causing  a  rush  of  current,  which  it  is 
the  object  of  the  compensator  to  avoid.  The  type  shown  in  Fig.  1 1  is 
provided  with  a  latch,  so  arranged  that  the  lever  at  "Off"  can  be 
thrown  only  into  the  starting  position  (backward),  and  can  be  thrown 
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Supply  mains 


from  thence  into  the  running  position  (forward)  only  by  a  quick  throw 
of  the  lever.  The  starting  switch,  as  a  rule,  is  fitted  in  the  case 
containing  the  auto-transformer,  and  is  connected  direct  thereto.  By 
separating  the  switch  from  the  coils,  a  number  of  motors  may  be 
started  from  one  auto-transformer,  thus  saving  the  expense  of  instal- 
ling individual  compensators.  A  throw-over  switch  is  provided  for 
each  motor  to  be  started,  and  a  3-pole  com- 
pensator magnetising  switch.  Only  one  motor 
would  be  started  at  a  time,  and  each  motor 
switch  must  be  thrown  into  the  running  posi- 
tion so  soon  as  the  motor  has  come  up  to 
speed.  When  all  the  motors  are  started  the 
compensator  magnetising  switch  would  be 
opened.  The  diagram  (Fig.  12)  shows  the 
method  of  connecting  three  motors  in  this 
way.  The  chief  objection  to  the  compensator 
as  a  starting  device  is  its  excessive  cost,  this 
being  usually  about  one-third  the  cost  of  the 
motor.  Furthermore,  it  has  been  found  that 
under  actual  working  conditions  cases  fre- 
quently occur  of  coils  being  burned  out,  due 
to  the  switch  being  left  in  the  "  Starting " 
position. 

Some  makers  use  a  resistance  in  the  stator 
circuit  for  starting  up,  but  the  method  is  not 
advisable,  since  the  current  is  only  reduced 
in  proportion  to  the  reduction  in  the  voltage, 
while  the  torque  is  reduced  as  the  square  of 
the  voltage.  The  connections  for  a  small 
2-phase  machine  are  given  in  Fig.  13.* 

The  foregoing  covers  the  principal  de- 
vices in  use  at  the  present  time  for  starting 
up  class  (a)  motors.      Numerous    attempts 
have   been  made   to    increase  the    starting 
STATOR.  torque  per  ampere,  or  "specific"   starting 

Fig.  13.— Connections  of  torque  of  this  class  of  motor,  while  preserv- 
Starting  Rheostat  for  small  ing  its  characteristic  features  of   simplicity 

dudfonMotoS!^^^^^  '"■  ^^^  ''°^^^^  construction.    Among  the  more 
interesting  may  be  mentioned — 

Boucherot's  f  three  methods — use  of  component  rotors,  movable 

stator,  and  phase  transformer. 
Hobart  f  (utilisation  of  skin  effect). 
Zani  t  (use  of  inductance  coils). 

More  recently  Hunt  J  has  devised  a  cascade  arrangement. 

•  The  two  switch  levers  are  not  elect*  ically  connected. 

+  Hobart's  "Electric  Motors,"  pp.  266-291. 

{  Journal,  Institution  of  Electrical  Engineers,  voL  39,  p.  648,  1907. 
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2.  None  of  these  methods,  however,  with  the  possible  exception  of  the 
last  named,  appear  to  have  attained  to  any  degree  of  commercial 
importance,  in  this  country  at  least ;  and,  in  the  author's  view,  the 
problem  ought  to  be  approached  from  the  opposite  standpoint — that 
is  to  say,  that,  instead  of  designing  the  motor  to  suit  the  conditions, 
arrangements  should  be  made  to  permit  the  installation  of  the  ordinary 
simple  squirrel-cage  machine. 

An  example  of  what  is  meant  is  shown  in  Fig.  14.  Here  the  object 
was  to  drive  a  mortar  mill — a  class  of  drive  which,  as  most  engineers 
know,  is  somewhat  troublesome,  both  in  regard  to  the  starting  and 


Fig.  15.— Coil  Friction  Clutch. 


overload  conditions.  The  machine  was  situated  in  a  very  dusty  position 
in  a  foundry,  and,  after  taking  all  the  circumstances  into  consideration, 
it  was  decided  to  adopt  a  friction  clutch  in  combination  with  suitable 
single  reduction  spur-gear,  and  a  class  (a)  motor  with  "Y"  delta 
starter.  A  word  or  two  is  necessary  in  regard  to  the  clutch,  which  is 
of  the  "coil"  type  (Fig.  15). 

The  shaft  A,  which  is  driven  by  the  motor,  has  keyed  upon  it  the 
cylindrical  drum  B  B,  which  is  hardened  and  ground.  Coiled  round 
this  cylinder  is  a  steel  coil  C  attached  to  the  casting  D  D.  This  either 
carries  a  gear-wheel  or  belt  pulley,  or  if  the  clutch  is  used  as  a  coupling 
it  is  keyed  on  to  a  separate  shaft.  When  it  is  desired  to  put  the  clutch 
in  gear  the  loose  collar  E  is  moved  towards  the  coil  by  means  of  a 
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lever,  operated  either  by  hand  or  screw  ;  this  in  turn  actuates  the 
hooked  lever  F,  which  presses  on  the  tail  of  the  coil,  causing  it  to  wind 
gradually  and  tightly  round  the  cylinder  B.  The  advantages  of  this 
clutch  are  that  it  is  easily  made  for  all  powers,  even  up  to  2,000  H.P., 
and  by  operating  the  starting  lever  by  means  of  a  wheel  and  screw 
there  is  not  the  slightest  shock  when  it  is  put  into  gear. 

So  far  as  the  author  is  aware,  no  other  clutches  yet  devised  have  been 
made  up  to  such  high  powers,  nor  is  their  performance  so  satisfactory. 
Reference  has  already  been  made  to  the  advantages  of  the  squirrel- 
cage  motor  for  mining  work.  The  author's  experience  in  this  connec- 
tion leads  him  to  affirm  without  hesitation  that  this  class  of  motor, 
whenever  the  conditions  permit  of  its  application,  is  superior  to  any 
other  type.  Of  course,  there  are  difficulties  in  the  way  of  its  applica- 
tion to  the  various  power  requirements  of  a  coal-mine,  but  they  can 
generally  be  overcome  by  suitable  mechanical  arrangements.    Take, 


Fuj.  16. 


for  example,  the  case  of  haulages.  The  three  systems  in  general  use — 
that  is,  direct  haulage,  main  and  tail  haulage,  and  endless-rope 
haulage— can  all  be  operated  quite  satisfactorily  by  means  of  squirrel- 
cage  machines  in  combination  with  suitable  clutches.  Of  these  three 
systems  the  last  named  is  the  easiest  to  operate  in  this  way,  because  it 
is  not  necessary  to  start  and  stop  at  frequent  intervals.  The  speed  of 
the  motor  can  also  be  kept  constant,  since  the  gear  is  usually  designed 
for  a  uniform  rope  speed  of  about  2  miles  per  hour.  The  best  position 
for  the  clutch  is  direct  on  the  haulage  drum,  because  the  motor  can 
then  be  quickly  relieved  of  its  load  should  the  tubs  chance  to  come  off 
the  road.  Practical  mining  engineers  are  agreed  that  clutches  give 
a  a)ntrol  over  the  haulage  which  is  unattainable  by  other  means. 
Examples— on  a  small  scale — of  the  application  of  squirrel-cage  motors 
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to  direct  and  endless-rope  haulage  systems,  in  the  manner  just  referred 
to,  are  shown  in  Figs.  i6  and  17.  The  motors  are  of  15  and  40  B.H.P. 
respectively,  and  are  started  and  stopped  by  an  oil-immersed  "V 
delta  switch. 

The  various  types  of  pumps  in  use  for  mining  purposes  can  also  be 
readily  arranged  for  driving  by  this  class  of  motor.  In  the  case  of 
3 -throw  pumps,  a  by-pass  valve  can  be  fitted,  thus  enabling  the  noiotor 
to  start  up  light.  With  respect  to  centrifugal  pumps,  which  are 
now  coming  so  rapidly  to  the  front  for  high-lift  duty,  it  is 
quite  a  simple  matter  to   make  provision    for    starting    the    motor 


Fig.  17. 


under  light  load.  All  that  is  necessary  is  to  insert  a  sluice  valve 
in  the  rising  main  near  to  the  discharge  side  of  the  pump.  By 
closing  this  valve,  starting  may  be  effected  with  about  one-quarter  to 
one-third  of  full-load  torque.  The  author  has  used  this  method  with 
motors  of  the  squirrel-cage  type  up  to  100  H.P.  As  regards  coal 
cutting  machinery,  this  class  of  work  is  probably  the  most  difficult 
to  tackle  by  any  type  of  motor,  not  merely  on  account  of  the  require- 
ments at  starting,  but  also  because  of  the  excessive  vibration  and  over- 
loads, and  rough  usage  generally,  to  which  such  machines  are  subject. 
The  squirrel-cage  motor  is  peculiarly  suited  for  these  conditions,  and  is 
now  largely  used  for  driving  the  various  types  of  coal-cutter.  As 
regards  the  starting  arrangements,  some  makers  rely  on  the  ordinary 
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compensator  only,  without  making  provision  for  relieving  the  motor  of 
load.  Others  adopt  a  suitable  device  to  enable  the  motor  to  start  up 
light  Any  arrangement  which  permits  the  rotor  to  make  several 
revolutions  before  taking  up  the  load  will  help  to  reduce  the  evil  eflFects 
on  the  supply  voltage  due  to  an  excessive  rush  of  current  at  starting. 
Such  an  arrangement  has  been  devised  by  Holiday.*  The  motor  is 
geared  2  to  i  on  to  a  wheel  which  is  free  to  make  one  revolution  before 
moving  the  driving  shaft,  so  that  it  makes  several  revolutions  before 
beginning  to  drive  the  cutting-wheel.  Wlien  the  man  stops  the 
machine  he  runs  the  motor  back  to  the  starting-point  by  means  erf  a 


■  I  j 


Pii.    20,     tlaU's  Pat^^nl  Disc  Friction  Clutch  Coupling* 


reversing  switch  ;  then,  on  starting  forward  again,  the  motor  gets  up 
sufficient  speed  to  start  the  cutting- wheel.  It  may  here  be  pointed  out 
that  the  starting  current  is  independent  of  the  load  on  the  motor.  If 
the  load  is  small  the  motor  will  accelerate  quickly,  if  large  it  will 
accelerate  slowly,  or  may  not  start  at  all,  but  the  starting  current  is  the 
same  under  all  these  conditions.  Figs.  18  and  19  show  the  application 
of  class  (a)  motors  to  the  driving  of  textile  plant.  The  motors  are  con- 
nected direct  to  the  ring  spinning  frames  by  means  of  clutch  couplings 
of  the  type  shown  in  Fig.  20.  Handles  (h  h),  Fig.  18,  operating  the 
clutches  are  placed  in  convenient  positions  for  the  attendant.  The 
motors  are  rated  at  6^^  B.H.P.,  and  starting  is  effected  by  switching 
them  straight  on  to  the  line.  The  starting  switches  will  be  seen  in 
Fig.  19  mounted  near  the  top  of  the  framework. 

•  journal,  Institution  of  Electrical  Engineers^  vol.  30,  p.  867,  igoi. 
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These  few  examples  of  the  practical  application  of  the  simple  form 
of  squirrel-cage  machine  will  show  that  the  difficulties  attending  its 
adoption  can  readily  be  overcome.  Other  engineers  who  have  been 
working  on  similar  lines  will  doubtless  furnish  additional  examples 
during  the  discussion. 

3.  In  some  cases,  however,  it  is  found  that  the  ordinary  form  of  low 
resistance  rotor  with  copper  bars  does  not  meet  the  requirements.  It 
can  t>e  shown  that  the  starting  torque  of  an  induction  motor  is  in- 
creased by  an  increase  in  the  resistance  of  the  rotor  windings.^  Hence 
by  making  the  rotor  bars  of  higher  resistance,  the  specific  starting 
torque  may  be  increased.  To  take  for  example  the  33- H. P.  motor,  to 
which  reference  has  already  been  made,  by  making  the  rotor  with 
66  per  cent,  higher  resistance,  the  starting  current  would  bt  reduced 
by  3  per  cent.^  and  the  starting  torque  would  be  increased  to  175  times 
full-load  torque.  The  increase  in  the  resistance  of  the  rotor  naturally 
causes  greater  CR  losses,  so  that  this  means  a  lower  efficiency,  but  the 
difference  is  such  as  in  many  cases  to  be  well  worth  the  advantage 
gained  in  respect  to  the  starting  qualities  of  the  machine.  In  the  case 
under  discussion,  the  efficiency  would  be  reduced  by  2  per  cent  The 
power  factor  would  be  slightly  increased,  so  that  the  reduction  in  the 
apparent  efficiency — which  is  the  really  important  point — would  be 
slightly  less  than  2  per  cent.  The  effect  o£  resistance  in  the  rotor  is 
somewhat  similar  to  its  effect  in  the  case  of  the  amuUure  of  a  con- 
tinuous-current machine.  In  both  cases  the  resistance  is  kept  as  low 
as  possible,  to  insure  high  efficiency  and  a  small  drop  in  speed  from 
no  load  to  full  load.  It  has  just  been  stated,  however,  that  the  intro- 
duction of  resistance  in  the  rotor  windings  increases  the  starting  torque 
and  reduces  the  starting  current.  Hence  a  larger  starting  torque  can 
be  obtained  by  temporarily  inserting  resistances  in  the  rotor.  When 
the  motor  has  reached  normal  speed,  these  resistances  can  be  short* 
circuited,  since  they  are  no  longer  required. 

This  leads  to  a  consideration  of  class  (6)  motor.  Here  the  revolving 
element  (Fig.  4)  consists  of  a  laminated  iron  core  with  a  polar  winding  in- 
sulated and  arranged  similarly  to  the  stator  winding.  The  rotor  coils  are 
usually  Y.connected,  and  their  terminals  taken  through  a  hollow  shaft 
to  collector  rings  on  which  rest  carbon  brushes  supported  by  the  usual 
spring  holders.  By  means  of  a  rheostat  external  to  the  motor  suitable 
resistances  can  be  inserted  in  each  phase  at  starting.  The  connections 
arc  shown  in  Fig.  21.  The  available  starting  torque  with  this  type  of 
motor  can  be  anything  up  to  the  maximum,  that  is,  normally  about  twice 
the  full-load  value,  but  in  special  cases  up  to  three  times.  The  starting 
current  corresponds  to  about  full-load  current  when  starting  with 
full-load  torque,  and  proportionally  more  when  starting  with  greater 
torque.  In  those  cases  in  which  no  speed  regulation  is  required, 
provision  is  usually  made  to  short-circuit  the  winding  in  itself,  instead 
of  through  the  brushes  and  rheostat  leads,  so  soon  as  the  motor  has 
reached  normal  speed.  In  some  cases  a  brush-lifting  device  is  also 
*  AppmdU  1..  p.  6g8. 
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provided  with  the  object  of  reducing  the  wear  and  tear  on  brushes  and 
rings.  In  the  author's  view,  however,  this  latter  refinement  is  unneces- 
sary for  most  ordinary  purposes,  and  usually  gives  more  trouble  than  it 
is  worth.  In  fact,  practically  the  only  trouble  the  author  has  had  with 
polyphase  motors  during  some  five  years'  experience  has  been  due  to 
slip  rings  and  their  accessories.  It  will  be  interesting  to  hear  the 
views  of  others  in  this  connection.  One  advantage  possessed  by  the  slip- 
ring  machine  is  the  ease  with  which  its  speed  may  be  regulated.  The 
method,  however,  is  analogous  to  inserting  resistances  in  the  armature 
circuit  of  a  continuous-current  motor,  and  is  open  to  the  same  objection 
on  the  score  of  its  inefficiency.  Furthermore,  any  change  in  the  load  is 
accompanied  by  a  corresponding  change  in  the  speed.  It  will  be  seen 
from  the  foregoing  considerations  that  the  adoption  of  the  squirrel-cage 


Fig.  21. — Connections  of  Starting  Arrangement  for  3-phase  Slip-ring 
Induction  Motors. 


type  of  motor,  whenever  the  conditions  permit,  would  be  entirely  in 
accordance  with  the  dictates  of  good  engineering.  Of  course  there  are 
certain  cases  where  it  is  not  feasible  to  adopt  this  type,  notably  for 
crane  work,  although  even  here  the  author  has  seen  successful  examples 
of  crane  driving  by  means  of  squirrel-cage  machines*  ^lien  all  is 
said  and  done,  however,  the  choice  of  type,  except  in  private  plants, 
is  subject  to  the  approval  of  the  supply  authority.  It  therefore  becomes 
necessary  to  ascertain  to  what  extent  the  consumer  is  enabled  to  take 
advantage  of  the  superior  qualities  of  class  (a)  motor.  Accordingly 
the  author  obtained  the  rules  of  the  principal  companies  and  cor- 
porations supplying  polyphase  current  in  the  United  Kingdom  with 
respect  to  this  point.  The  figures  are  given  in  Table  II.  One  would 
naturally  expect  that  the  maximum  size  of  class  (a)  motor  allow^ed 
would  be  dependent  in  large  measure  on  the  station  plant  capacity, 
because  in  a  private  plant  the  total  capacity  of  squirrel-cage  motors,  and 
the  individual  capacity  of  any  one  squirrel-cage  motor,  should  hear  a 
relation  to  the  generating  plant  such  that  each  squirrel-cage  machine 
can  be  stopped  or  started  at  any  time  during  normal  working,  with- 
out interfering  with   the  running  of    the  other  motors  on    Circuit, 
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Therefore  these  figures — for  which  the  author  is  indebted  to  the 
Eltctrical  Times,  are  also  given  in  the  table.  It  is  interesting  to  notice, 
however,  that  this  consideration  docs  not  seem  to  have  much  influence 
on  the  restrictions  imposed,  for,  as  will  be  seen  from  an  inspection 
of  the  figures,  company  A,  with  a  station  plant  capacity  of  6,000  k.w., 
allows  a  motor  of  100  B.H.P.  against  50  B.H.P.  in  the  case  of  com- 
pany E,  with  a  plant  capacity  of  20,000  k.w.  Also  company  C, 
with  a  plant  capacity  of  only  1,000  k.w.,  allows  a  motor  of  20  B.H.P., 
whereas  company  D,  with  twice  the  plant  capacity,  restricts  the  current 
at  starting  to  i  ampere  per  B.H.P.,  and  will  not  permit  the  connection 
to  their  system  of  class  (a)  machines.  Doubtless  the  number  and 
temperament  of  the  lighting  consumers  on  the  mains  are  the  deter- 
mining factors.  As  a  matter  of  fact,  however,  the  author  has  found 
that  the  rules  of  the  various  power  companies  need  not  be  too  rigidly 
interpreted.  The  engineers  are  usually  business  men  who  are  willing 
to  meet  their  consumers  as  far  as  possible.  An  inspection  of  the  table 
will  show  that  the  power  companies  are  more  favourably  disposed 
towards  the  adoption  of  class  (a)  motors  than  are  the  various  local 
authorities,  and  in  this  respect,  and  speaking  purely  from  the  power 
user's  standpoint,  they  would  seem  to  be  doing  better  work.  Moreover, 
the  author  ventures  to  afifirm  that  local  authorities  are  in  a  great  many 
cases  overburdened  with  rules  and  regulations,  which  must  inevitably 
hinder  the  development  of  power  supply.  The  question  is  of  impor- 
tance at  the  present  juncture,  in  view  of  the  inquiry  held  by  the  Home 
Office  to  desd  with  the  rules  and  regulations  concerning  the  applica- 
tion of  electrical  energy  in  factories.  The  power  companies  seem  to 
be  able  to  get  along  copifortably  with  a  set  of  rules  contained  in  a 
single  sheet  of  foolscap.  The  local  authority,  on  the  other  hand,  appears 
to  require  protection  to  the  extent  of  a  bound  volume  of  30  or  40 
pages.  Among  anomalies  in  the  way  of  rules  which  the  author  has 
encountered,  reference  will  be  made  to  two  only  :— 

(i)  The  power  factor  of  any  motor  must  not  fail  below  08. 
(2)  Before  any  application  for  power  can  be  accepted,  the  name  of 
the  maker  of  the  motor  must  be  stated.* 

With  reference  to  (i),  the  curve  (Fig.  22)  for  the  33-H.P.  motor 
previously  discussed  shows  that  the  power  factor  is  a  function  of  the 
load.  The  rule  as  it  stands  is  equivalent  therefore  to  the  demand  that 
the  motor  shall  always  be  operated  at  a  given  output,  which  of  course  is 
absurd.  With  respect  to  rule  (2),  it  is  surely  not  within  the  province 
of  the  supply  authority  to  interfere  in  this  connection,  and  in  any  case 
the  author  fails  to  see  that  the  rule  serves  a  useful  purpose. 

Before  leaving  the  subject  of  power  factor  the  author  would  like  to 
emphasise  the  importance  of  choosing  a  motor  which  shall  not  be  too 
large  for  its  work,  because,  as  will  be  noticed  from  Fig.  22,  the  power 
factor  falls  off  very  rapidly  with  reduction  in  load.    One  of  the  points, 

*  The  italics  are  the  Mithor'i. 
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therefore,  to  which  attention  should  be  given  when  laying  out  a  motor 
equipment,  more  especially  if  the  installation  is  to  have  its  own  gene- 
rating plant,  is  to  endeavour  to  operate  each  motor  at  its  rated  output. 
In  fact,  no  harm  is  done  to  a  high-class  machine  by  an  occasional 
overload. 

The  overall  power  factor  for  an  installation  depends  on  the 
amount  of  attention  which  is  given  to  the  foregoing  considerations 
in  the  initial  stages  of  the  scheme.  In  actual  practice  it  is  customary 
to  assume  a  figure  of  o*8  for  general  industrial  plants  and  0*75  for 
mining  installations,  although  this  must  of  necessity  be  a  variable 


20    50   40    50.   60   20 

H.P.  output;. 

Fig.  22. 


figure,  dependent  entirely  on  local  conditions.  The  author  s  experience 
tends  to  show  that  it  takes  a  load  of  a  very  steady  nature,  together  with 
a  very  well  laid-out  plant,  to  attain  a  figure  of  o'8o  in  actual  everyday 
operation.  This  is  probably  only  attained  under  the  most  favourable 
circumstances  in  a  textile  or  similar  plant. 

In  conclusion  the  author  ventures  to  a£&rm  that  electrical  engineers 
in  general  are  too  apt  to  attempt  a  solution  of  each  and  every  problem 
by  electrical  means,  and  without  sufficient  consideration  of  the  case  in 
its  mechanical  aspects.  As  proof  that  his  own  practice  is  in  accordance 
with  his  precepts  he  would  mention  the  case  of  a  large  foundry  and 
engineering  works  for  the  electrical  equipment  of  which  he  was 
responsible.  Out  of  a  total  of  some  40  motors,  aggregating  about 
500  H.P.,  only  4,  or  10  per  cent,  of  the  total,  were  of  the  slip-ring 
type,  the  others  being  adapted  to  the  various  requirements  by  the 
mechanical  arrangements  outlined  in  the  paper. 

The  author  is  indebted  to  some  of  the  leading  manufacturing  com- 
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panics  for  particulars  of  their  standard  polyphase  motors,  and  to  the 
engineers  of  the  various  supply  authorities  who  were  good  enough  to 
furnish  him  with  copies  of  their  rules. 
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APPENDIX  I. 

Experimental  Derivation  op  the  Circle  Diagram  for  a 
33-H.P.  Induction  Motor, 

Object  of  the  Diagram, — To  ascertain  primarily  the  starting  tcn-qoe  in 
terms  of  the  full-load  torque  and  also  the  relation  between  the  various 
electrical  quantities  at  all  loads. 

Rating  of  Motor, — ^33-B.H.P.  500  volts  750  revs,  per  minute  syn- 
chronous speed,  725  revs,  per  minute  full-load  speed,  50-rvj  3-phase 
squirrel-cage  motor,  with  A-connected  stator.    Full-load  line  amperes 

=  37. 

Tests  Required, — i.  Watts  and  volt-amperes  at  normal  voltage  and 
frequency  with  motor  running  without  load. 

2.  Watts  and  volt-amperes  with  rotor  at  standstill,  that  is,  with 
shaft  clamped  to  prevent  rotation. 

3.  Stator  resistance  (ohms  per  phase). 

( 1 )  Watts  running  light =  1 ,005  * 

Volt-amperes  running  light    =  500  x  10 1  x  173 

=  8,650 

^  i.    ^       ^..  .*.     -.         true  watts 

.-.  Power  factor  at  lightload=^jpp^p^5f^^^ 

_i>oo5 

■"8,650 

Thatis,  cosfi  =o*ii6 

Angle  whose  cosine  is  o*ii6  is  83°  nearly. 

(2)  Watts  at  standstill     =  3480  \ 

Volt-amperes  at  standstill   •..=  i27X43tx  173 

=  9450 

.'.  Power  factor  at  standstill  =34 — 

9»45o 

That  is,  cos  ^a =0*36 

And  angle  whose  cosine  is  0*36  is  68**. 

(3)  Resistance  per  phase  =  0775  ohms. 

Construction  of  Diagram, — Lines  O  E  and  O  A,  Fig.  23,  are  drawn 
of  indefinite  length  at  right  angles  to  represent  the  phase  relationship 
between  terminal  pressure  and  stator  flux  (90°).  The  line  O  K  is  then 
set  off  at  an  angle  of  83"  with  O  E. 

The  no-load  current  per  phase  =  -^  (A-connected  stator). 

v3 
=  6  amperes. 

•  By  3-wattmeter  method.  f  Line  amperes.  \  Appendix  II. 
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.  * .  MakeO  K=6  amperes,  taking  a  convenient  scale,  say  4  amperes 
per  cm.  Complete  the  no-load  triangle  of  currents  K  F  O  by  drawing 
K  F  vertical.  Draw  the  horizontal  line  b  a  through  K.  Set  o£F  the  line 
OB,  at  an  angle  of  68°  =  f,  to  represent  in  magnitude  and  phase  the 

168 


100 
value  of  the  standstill  current  per  phase  =     ...  that  is,  97  amperes. 

v  3 
.  • .  Make  O  B,  =  24*25  cm. 

From  the  principle  of  the  diagram  it  is  known  that  the  points  B, 
and  K  must  lie  on  the  circumference  of  the  current  circle,  and  that  its 
centre  p  must  lie  on  the  line  O  A.  Therefore  the  circle  A  B,  F  can  now 
be  drawn,  ai^d  this  determines  point  A.  Join  B,  A  and  draw  A/  per- 
pendicular to  B,  A.    This  cuts  the  vertical  line  through  p  at  the  point/, 


Fig.  23. 


which  is  the  centre  of  the  output  circle  A  N  F  drawn  through  the  points 
A  and  F.  A/  is  drawn  perpendicular  to  A  B,  because  A  B,  must  be  a 
tangent  to  the  output  circle,  since  the  output  of  the  stationary  motor  is 
zero  under  the  conditions  represented  by  the  position  of  B,  (that  is 
when  the  motor  is  stationary).  In  order  to  find  the  "  torque "  circle 
A  H  F  the  scale  to  which  B,  A  represents  \-olts  must  be  determined. 
Therefore  measure  the  length  of  B,  A  and  O  A  in  the  diagram,  which 
are  found  to  be  98  and  26*4  cm.  respectively.  The  latter  corresponds 
to  a  pressure  per  phase  of  500  volts  (A-connected  stator). 

.-.  Value  of  vector  B,  A  =  ^'-  ^  ^^  =  186  volts. 

264 

The  C»R  drop  per  phase  of  the  stator  for  a  current  of  97  amperes 
=  97  X  o'775  (ohms)  =  75  volts. 

Hence  to  get  the  desired  point  H,  on  the  torque  circle,  mark  off 

along  B,  A  from  the  point  B,  a  piece  B,  H  equal  to  '^  ^^-  =s  3*95  cm. 
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This  fixes  the  tcM-que  circle,  which  can  now  be  drawn  through  points 
A,  H,  and  F.  To  calibrate  the  diagram  mark  off  the  point  B  on  the 
current  circle  by  taking  O  as  centre   and  a  length  OB  =  full-load 

amperes  per  phase  to  scale,  that  is-3Z 

v3 


2I*S 

=  21*5  amperes  = — i=  5-37  cm. 
4 

Then  join  B  A  cutting  torque  and  output  circles  in  points  H  and  N 
respectively. 
Then— 

H  L  represents  fuU-load  torque, 


and — 
thati 


H,  L,  represents  torque  at  "standstill," 

H  L  represents  torque  at  starting. 

Hence  ratio  starting  torque^  HO. 
full-load  torque       H  L 

By  measurement— 

H,  L,  is  found  to  be  5'i  cm. 
and — 

HL    „      „        „      4-5cm.  =  5i 

45 
or  torque  at  starting  =1*13  times  full-load  torque. 

Angle  £  O  B  =  ^  is  found  to  be  27°  and  cos  f  =«  0*89. 

:=  full-load  power  factor,  which  is  a  maximum  when 
O  B  is  a  tangent  to  semicircle  A  B  F. 

To  get  the  slip  line,  drop  a  perpendicular  from  the  point  B,  on  the 
radius  A/„  thus  getting  the  line  B,  T,  which  scales  9*2  cm.  This  is 
equal  to  a  slip  of  100  per  cent.,  since  the  motor  is  not  running.  At  the 
load  corresponding  to  stator  current  O  B,  torque  H  L,  and  output  N  P, 
the  slip  is  equal  to  the  piece  V  T  cut  o£E  on  the  slip  line  B,  T,  which 

scales  o*35  cm.    Therefore  full-load  slip  ^ — ^L- =3*8  per  cent 

To  get  the  full-load  watt  input  of  the  motor,  measure  the  length  of 
vector  B  G,  which  represents  the  energy  component  of  stator  current 
O  B  in  the  full-load  triangle  of  currents  O  B  G. 

This  length  is  found  to  be  equivalent  to  19  amperes. 

Hence  full-load  watt  input  =  (19  x  500  x  3) 
=  28,500  watts. 

At  this  load  the  losses  are  as  follows  : — 
}.  Light-load  losses  =  1,005  (from  Test  i). 
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2.  The  stator  copper  loss  for  current  OB  =21*5  amperes  is 

given  by  the  resistance  per  phase  and  component  F  B  of 
stator  current  (not  drawn  on  diagram). 

F  B  is  found  to  be  equivalent  to  19*6  amperes. 
Stator  copper  loss  =  C*R. 

=  (19-6  X  19*6  X  0775  X  3). 

=  891  watts. 

In  the  diagram  the  line  B  H  is  proportional  to  this  loss 
and  scales  0*9  cm. 

3.  The  rotor  copper  loss  is  proportional  to  the  line  H  N  in 

diagram,  which  scales  1*3  cm. 

.'.  Rotor  copper  loss  (by  proportion)  =  — — ; — ^ 

=  1,291  watts. 

Hence  total  losses  at  the  load  corresponding  to  point  B  (full 
load)  =  1,005  +  891  +  1,291 

=  3,187  watts. 

Therefore  watts  output  =  28,500  —  3.187 
=525.313  watts 
=  34B.H.P. 

And  efficiency =-.    --r 

^  mput 

_3S>3i3  X  100 

28,500 

=  89  per  cent,  (full  load). 

It  will  be  seen  from  the  above  that  the  motor  gives  slightly  more 
than  its  full-load  output  with  a  stator  current  of  21*5  amperes  per 
phase;  the  line  N  P  in  the  diagram  therefore  represents  34  B.H.P., 
and  the  value  of  all  such  lines  as  this,  now  that  the  value  of  one 
of  them  has  t>een  found,  is  deEnitely  known. 

Summary  of  Results — 

Full-load  power  factor  cos  f  =  0*89. 

Full -load  efficiency  ...  =  89  per  cent 

Apparent  efficiency  ...  =  power  factor  x  efficiency. 

S89X  89. 
=5  79  per  cent 

FuU-load  slip  =  V  T 

=  3*8  per  cent. 

By  taking  O  B  of  different  lengths,  uc,  proportional  to  ),  i  and  i 
load  currents  per  phase  respectively,  the  corresponding  values  of 
power  factor,  efficiency,  and  slip  can  be  obtained. 
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In  the  diagram  (Fig.  23)  the  following  characteristics  of  the  motor 
are  shown  : — 

1.  The   terminal  pressure  E  is  represented  in   phase    by    the 

vector  O  E. 

2.  The   no-load    magnetising   current   of    the   motor    is    given 

directly  in  magnitude  and  phase  by  the  vector  O  F. 

3.  The  stator  current  of  the  motor  (Cs)  is  given  directly  in 

magnitude  and  phase  by  the  vector  O  B. 

4.  The  power  factor  of  the  motor  is  given  directly  by  the  cc^ine 

of  the  angle  0  :  it  is  a  maximum  when  O  B  is  a  tangent  !to 
the  semicircle  A  B  F. 

5.  The  no-load  current  of  the  motor  is  given  directly  in  magnitude 

and  phase  by  the  vector  OK;  the  no-load  power  factor  is 
cos  ft. 


m 10  %Suff» 


100  LlMcAltPB. 


30      40      50       «0 
.P.  OUTPUT. 


Fig.  24. 

6.  The  watt  component  of  the  no-load  current  is  given  directly 
in  magnitude  and  phase  by  the  vector  F  K ;  this  fixes  the 
line  of  the  no-load  losses  a  b,  which  is  a  parallel  to  O  A 
through  the  point  K. 
•  7.  The  current  in  the  rotor  of  the  motor  is  directly  proportional 
to  the  length  of  the  vector  F  B  (not  drawn  on  diagram). 

8.  The  input  of  the  motor  (Cs  x  E  x  173  X  cos  f)  is  directly  pro- 

portional to  the  length  of  the  vector  B  G  (E  being  constant). 

9.  The  torque  of  the  motor  is  directly  proportional  to  the  length 

of  the  vector  H  L ;  the  maximum  torque  the  motor  can 
exert  before  puUing  up  is  directly  proportional  to  the  length 
of  the  vector  eg. 
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la  The  output  of  the  motor  (B.H.P.)  is  directly  proportional 
to  the  length  of  the  vector  N  P ;  the  maximum  output 
the  motor  can  give  without  falling  out  of  step  is  directly 
proportional  to  the  length  of  the  vector  e  h  (equivalent  to 
62  B.H.P.),  that  is,  an  overload  capacity  of  190  per  cent. 

11.  The  slip  of  the  motor  expressed  as  a  percentage  is  directly 

proportional  to  the  length  of  the  vector  V  T ;  at  starting  it 
is  equal  to  the  length  B,  T  s  100  per  cent 

12.  At  starting    the  torque  exerted  by    the  motor  is  directly 

proportional  to  the  length  of  the  vector  H,  L, ;  the  starting 
current  for  this  torque  is  equal  to  the  length  of  the  vector 
O  B,  =  97  amperes  and  the  power  factor  at  starting  is  given 
by  cos  f ,  =  0*36. 

Effect  of  Resistance  in  Rotor, — This  increases  the  rotor  copper  loss, 
and  as  this  is  represented  in  the  diagram  by  the  piece  A  H„  the  efifect 
of  inserting  resistance  in  the  rotor  is  to  cause  the  points  H,  and  B, 
to  take  up  positions  higher  up  on  the  torque  and  current  circles 
respectively.  That  is  to  say,  the  starting  current  is  reduced  and  the 
starting  torque  is  increased.  The  diagram  as  constructed  is  not 
strictly  accurate,  but  is  near  enough  for  practical  purposes.  There  is 
an  error  on  the  right  side,  which  means  that  the  motor  is  a  little  better 
in  reality  than  is  indicated  by  the  foregoing  investigation.  Compare 
results  obtained  with  those  plotted  |in  Fig.  24,  which  represent  the 
makers'  guarantees. 

For  a  detailed  study  of  the  theory  of  the  circle  diagram,  reference 
should  be  made  to  the  Howard  Lectures  on  "Polyphase  Electric 
Working,"  by  A.  C.  Eborall,  pp.  70-80,  also  Hobart's  "Electric 
Motors,"  p.  353. 


APPENDIX  II. 
Note  on  Measurement  of  Watts  and  Current  at  "Standstill." 

In  taking  these  readings  it  is  found  that  the  results  arc  dependent 
upon  the  position  of  the  rotor  with  respect  to  the  stator,  there  being  two 
positions  giving  "  maximum  "  and  "  minimum  "  currents  respectively. 
This  would  be  the  case  to  a  greater  extent  if  the  number  of  slots  per 
pole  on  the  stator  were  the  same  as  the  number  per  pole  on  the 
rotor.  Where  this  happens  there  is  a  tendency  for  the  motor  to  operate 
unduly  as  a  mere  transformer.  For  example,  the  apparatus  shown  in 
Fig.  25*  would  form  an  excellent  3-phasc  transformer  without  moving, 
the  rotating  field  simply  inducing  synchronous  3-phaNC  currents  in  the 
winding  of  the  central  part.  In  fact,  thii>  design  with  big  teeth  would 
not  be  self-starting.  In  practice,  therefore,  the  stator  and  rotor  have 
dififerent  numbers  of  slots,  and  in  the  case  of  "  squirrel-cage  "  motors 
*  a  P.  Tbomp«om  '*  Polyphase  Electric  CurreoU.**  p.  186. 
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the  two  numbers  have  no  common  factor.  Thus  the  motor  tmder 
discussion  has  72  slots  in  the  stator,  or  3  slots  per  pole  and  phase,  while 
the  rotor  has  61  slots.  Of  course,  where  the  rotor  is  furnished  with  a 
polar  winding   (slip-ring  machine)  it  is  impossible  to   prevent    the 


Fig.  25. 

stator  and  rotor  from  having  a  common  factor,  because  there  must  be 
not  less  than  3  slots  per  pole  and  phase.  Hence  the  starting  torque  (rf 
slip-ring  motors  varies  according  to  the  position  of  the  rotor. 

Discussion. 

id  mil  ^^'  Campbell  McMillan  :  I  am  not  sure  that  I  can  throw  very 

much  light  on  the  subject.  I  have  been  connected  with  the  design  and 
production  of  motors  for  some  time  now,  and  incidentally  know  a 
little  about  clutches  which  have  been  used  in  connection  with  them. 
On  the  subject  of  the  adoption  of  a  standard  size  of  motor,  I  should 
like  to  say  that  the  standardisation  of  characteristics  in  several  cases 
would  be  as  important  as  that  of  size.  Mr.  Stevenson  has  taken  two 
classes  of  motors  for  the  engineer  engaged  in  the  application  of  induc- 
tion motors  to  choose  from — those  with  short-circuit  or  squirrel-cage 
rotors  and  those  with  slip-ring  or  wound  rotors,  but  I  think  he  might 
add  a  third  class — those  with  internal  resistance.  They  do  not  require 
any  slip  rings,  and  in  many  cases  they  are  much  simpler  and  are  recom- 
mended for  certain  sizes  up  to  about  50  H.P.  It  is  interesting  tc 
note  that  in  the  comparison  of  prices  these  vary  very  much  according 
to  the  copper  market,  because  the  chief  gain  in  the  squirrel-cage  rotor 
is  the  relatively  small  amount  of  copper  in  the  design.  The  same  remark 
applies  to  the  motors  compared  on  page  677,  where  the  difference  in 
weight  is  accounted  for  by  the  difference  in  the  copper.    As  to  the 
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mechanical  qualities  of  the  squirrel-cage  rotor,  there  are  some  drawbacks,  Mr. 
and  in  a  standard  construction  the  variety  of  mechanical  details  to  avoid  •'^•'"'•^ 
these  is  very  great.  According  to  the  methods  of  design  and  calculation 
which  Mr.  Stevenson  has  followed,  it  may  be  necessary  and  advisable  to 
take  some  typical  tests  such  as  he  has  taken,  but  I  know  that  great  quanti- 
ties of  electrical  motors  are  turned  out  on  calculations  which  obtain 
all  these  results  in  advance  very  accurately.  In  connection  with  the 
very  neat  method  of  starting  patented  by  Mr.  Meyer,  simplicity  of  opera- 
tion is  sometimes  obtained  at  the  expense  of  limiting  the  freedom 
of  the  designer,  and  any  one  who  has  tested  the  difitculties  of  fitting 
windings  into  motors  according  to  desired  characteristics  will  relinquish 
with  the  greatest  reluctance  the  freedom  to  change  over  from  the  delta- 
connection  to  Y  as  the  requirements  demand.  I  admit  that  it  is  only 
in  certain  conditions  when  the  speeds  and  voltages  are  within  certain 
limits  that  they  arc  under  such  stress,  but  these  are  quite  important 
cases  also.  The  possibility  of  using  the  same  starting  device  for 
several  different  motors  may  simplify  matters,  but  it  is  always  necessary  to 
liave  similar  motors  in  order  to  t>e  able  to  do  that  At  the  beginning  of 
the  paper  we  are  promised  that,  even  if  starting  devices  are  included,  the 
squirrel-cage  motor  comes  out  still  cheaper  in  sizes  up  to  and  including 
50  H.P.,  because,  as  is  shown  later,  the  starting-gear  for  that  type  is 
much  simpler  and  less  expensive  than  that  required  for  the  motor 
with  wound  rotor.  I  think  it  would  be  fairer  to  say  that  they  are 
"sometimes"  much  simpler,  because  the  occasions  on  which  the 
same  switch  can  be  used  for  a  number  of  motors  are  rather 
limited.  There  is  certainly  another  objection  to  the  compensator  on 
account  of  its  excessive  cost  relative  to  the  motor.  The  device  referred 
to  at  the  foot  of  page  686, 1  think,  is  worthy  of  more  attention.  It  may  t>e 
found  to  alter  the  problem  very  considerably.  I  am  not  sure  whether 
much  information  is  available  on  the  subject,  and  it  would  be  very 
interesting  if  any  one  can  give  us  any  light  as  to  the  practical  design  of 
these  motors.  They  claim  to  have  all  the  characteristics  of  a  slip-ring 
motor  including  sh<Mt-circuiting  device,  and  at)solutely  no  trouble  with 
slip  rings.  In  connection  with  clutches  I  have  not  had  much  experience. 
I  know  no  clutch  larger  than  one  of  700  H.P.,  and  I  have  not  seen  it  in 
actual  working,  but  only  under  testing  conditions,  and  in  considering 
clutches  one  must  analyse  their  functions  a  little  more  closely.  A  clutch 
has  a  double  function  to  fulfil,  and  although  this  coil  clutch  may  fulfil  one, 
I  am  not  sure  whether  it  will  the  other.  A  clutch  must  be  to  a  certain 
extent  a  brake,  smd  it  must  be  an  absorber  of  energy  for  a  certain  time. 
Even  when  carefully  put  on  a  shaft  it  will  only  absorb  the  energy  to  the 
extent  to  which  it  can  dissipate  the  heat  These  are  very  important 
conditions.  To  find  out  whether  such  a  clutch  is  suitable  for  work  one 
must  not  only  know  the  torque,  but  the  inertia  effect  on  the  various 
portions  of  the  machinery.  If  there  is  any  defect  in  the  machinery  the 
time  required  to  obtain  the  full  speed  may  mean  a  great  amount  of  heat 
generated  in  the  coil,  and  provision  must  be  made  for  the  dissipation  of 
that  heat     I  think  that  has  been  the  chief  trouble  in  most  dutches^ 
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Mr. 

MoMUlan. 


Mr. 
Nicholson. 


not  that  they  fail  to  grip,  but  that  they  do  not  dissipate  the  heat  in  a 
proper  manner.    Perhaps  it  may  complete  the  information  given  <m 
page  696  if  Mr.  Stevenson  can  tell  us  what  percentage  of  the  power  has 
been  installed  as  squirrel-cage  motors  as  well  as  the  number  of  motors. 
Mr.  John  S.  Nicholson  :  At  the  foot  of  page  678  Mr.  Stevenson,  in 
speaking  of  the  squirrel-cage  machine,  states  that  the   absence  of 
moving  contacts  is  a  conspicuous  advantage,  which  makes  it  absolatdy 
sparklcss,  and  therefore  specially  suited  for  operation   in  mines  or 
mills  where  dangers  from  explosive  mixtures  or  gases  exist,  and  a  few 
pages  further  on  he  says  that  machines  up  to  20  H.P.  may  be  used 
with  an  air-break  switch,  and  above  that  size  it  is  good  practice  to  use 
an  oil-break  switch ;  but  I  should  imagine  that  where  squirrel-cage 
machines  are  being  made  with  an  overthrow  switch  it  would  not  be  so 
sparkless  as  he  supposes.    On  page  683  he  speaks  of  the  probable  saving 
by  the  use  of  roller  bearings  as  opposed  to  the  ordinary  cylindrical 
bearings,  which  may  amount  to  10  to  25  per  cent,  of  the  power.     That 
corroborates  one  or  two  experiments  which  I  have  made  with  a  10- H.P. 
induction  motor,  where  I  found  that  the  "no  load"  losses  with  the 
ordinary  bearing  were  so  much,  and  when  the  ordinary   bearings 
were  exchanged  for  roller  bearings  the  "no  load"  losses  diminished  by 
fully  10  per  cent.,  so  that  in  ordinary  cases,  with  a  long  line  of  shafting, 
the  saving  of  power  would  be  a  great  deal  higher,  perhaps  25  per  cent 
or  more,  since  in  the  ordinary  induction  motor  the  windage   torqne 
may  be  a  considerable  fraction  of  the  total  retarding  torque  on  •'  no 
load."    On  page  692  Mr.  Stevenson  states  that  the  starting  current  b 
independent  of  the  load  on  the  motor.    That  is  quite  true,  and  in  the 
following  sentence  he  speaks  of  the  acceleration  when  the   load  is 
small.    Of  course,  if  the  load  is  very  heavy  the  machine  may  take  a 
long  time  to  start  up,  and  one  does  not  want  to  have  a  starting  current 
for  more  than  one  or  two  seconds,  or  even  a  fraction  of  a  second.     It 
may  be  anything  up  to  6  times  the  ordinary  and  full-load  current, 
so  that  the  starting  current  is  not  quite  independent  of  the  load  on 
the  motor.    The  introduction  of  roller  bearings  will  reduce  the  time 
taken  to  start  by  a  very  appreciable  amount.    On  page  693,  in  speaking 
of  a  33- H.P.  motor,  Mr.  Stevenson  says  that,  by  increasing  the  rotor 
resistance  by  66  per  cent,  the  starting  current  will  be  reduced  by  3  per 
cent.,  and  the  starting  torque  will  be  increased  by  1}  times  full-load 
torque.    He  then  says :  "  The  increase  in  the  resistance  of  the  rotor 
naturally  causes  greater  C*R  losses,  so  that  this  means  a  lower  efficiency, 
but  the  difference  is  such  as  in  many  cases  to  be  well  worth  the  advantage 
gained  in  respect  to  the  starting  qualities  of  the  machine.    In  the  case 
under  discussion,  the  efficiency  would  be  reduced  by  2  per  cent." 
I  think  myself  it  would  probably  be  reduced  by  at  least  3  per  cent 
It  does  not  seem  a  big  difiEerence,  but  it  is  always  i  per  cent  more.  That 
is  due  to  the  high  current  density  in  the  rotor^   Mr.  M'Millan  has  spoken 
about  copper,  and  the  copper  losses  in  the  motor  at  full  load  are  greater 
than  the  iron  losses,  and  thus  bear  a  higher  percentage  of  the  total  losses. 
In  the  case  of  a  motor  tested  recently,  there  was  some  difficulty  in 
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starting  as  an  ordinary  squirrel-cage  machine,  and  the  rotor  winding  j}'*.,' 
^vas  altered  slightly,  and  the  efficiency  fell  about  4  or  5  per  cent,  at  full 
load  below  its  previous  value  before  the  rotor  was  altered.  If  such  a 
motor  is  supposed  to  run  at  full  load,  that  4  per  cent,  loss  means  a  big 
thing.  Mr.  Stevenson  states  that  the  reduction  in  the  apparent  efficiency, 
>which  is  an  important  point,  will  be  slightly  less  than  3  per  cent.,  and 
then  he  states  that  the  machines  should  not  be  made  too  large.  That 
means  that  each  machine  would  be  running  at  as  nearly  as  possible  full 
load,  and  the  increase  in  the  rotor  resistance  then  makes  a  great  dififer- 
cnce  in  the  efficiency.  I  am  rather  sorry  that  Mr.  Stevenson  does 
not  say  much  al>out  the  circle  diagram  shown  in  Fig.  23.  The 
as^umptions  made  are  considerable.  After  obtaining  the  current 
circle,  the  torque  and  the  output  circles  are  deduced  ;  we  then  get 
the  starting  torque  from  the  line  H,  to  Lj  on  the  figure.  We  made 
some  tests  on  the  starting  torque  of  an  induction  motor,  and  found  by 
experiment  that  it  was  nearly  2  times  the  ordinary  full-load  torque* 
and  taking  it  from  the  circle  diagram,  we  found  that  it  was  only 
1*1  times.  That  is  a  very  great  di£Ference,  so,  after  all,  perhaps  the 
circle  diagram  is  not  very  accurate  in  every  respect. 

Mr.  W.  B.  HiRD  :   I  propose  to  confine  my  remarks  to  one  point   Mr.  Hird. 
on  which  Mr.  Stevenson  lays  great  stress — the  superiority,  for  most 
purposes,  of  the  squirrel-cage  motor  over  the  slip-ring  motor. 

The  advantages  of  the  squirrel -cage  motor  are  very  evident  from 
the  manufacturer's  point  of  view,  it  is  an  easier  and  cheaper  machine  to 
build,  and  is  less  likely  to  give  trouble  of  any  kind.  From  the  con- 
sumer's point  of  view  also,  the  robust  construction  of  the  rotor  and 
the  fact  that  the  machine  will  run  with  less  attention  owing  to  the 
absence  of  moving  contacts,  are  strong  recommendations.  It  would 
appear,  however,  from  the  table  given  by  Mr.  Stevenson,  that  many 
of  the  supply  companies  entirely  fail  to  realise  the  advantages  of 
the  squirrel-cage  motor.  The  squirrel-cage  motor  has  a  somewhat 
better  power  factor  than  the  corresponding  slip-ring  motor,  and 
this  is  a  point  in  favour  of  the  suppliers;  but  the  chief  considera- 
tion for  them  is  that,  if  the  squirrel-cage  motor  is  really  the  simplest 
and  easiest  for  the  consumer  to  handle,  they  certainly  keep  away 
business  by  imposing  undue  restrictions  to  its  employment  There  is, 
I  think,  no  doubt  that  some  of  the  companies  do  impose  very  un- 
reasonable restrictions  to  the  use  of  squirrel-cage  motors,  simply  from 
fear  of  the  large  starting  current.  Mr.  Stevenson  has  laid  emphasis 
on  all  these  points,  but  I  do  not  agree  with  him  as  to  the  proposed 
remedy.  I  do  not  think  that  there  is  any  hope  of  getting  consumers 
to  adopt  to  any  large  extent  such  a  piece  of  apparatus  as  a  friction 
clutch.  I  have  had  no  experience  with  friction  clutches  for  high 
powers,  but  from  all  I  have  heard  at>out  them,  I  think  I  have 
perhaps  been  lucky  in  not  having  this  experience,  and  there  is  no 
doubt  that  friction  clutches  are  looked  upon  with  great  disfavour  by 
most  people. 

There  is  a  way  of  starting  a  squirrel-cage  induction  motoi  which  is 
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practicaHy  equivalent  to  the  use  of  a  clutch,  and  which  does  away  with 
all  the  disadvantages  of  mechanical  clutches.  A  few  weeks  ago  in  this 
very  room,  Mr.  Henry  A.  Mavor  described  an  induction  motor  which 
he  has  devised,  and  which  he  calls  a  "  spinner  motor."  In  this  motor 
the  member  carrying  the  primary  winding  and  generally  known  as  the 
stator,  is  mounted  on  bearings  so  as  to  be  capable  of  rotation^  and  is 
then  called  the  "  spinner."  The  rotor  being  mechanically  coupled  to 
the  load,  and  the  spinner  free  to  rotate  when  the  current  is  switched 
on,  the  spinner  will  accelerate  to  S3mchronous  speed ;  a  brake  is  then 
gradually  applied,  and  the  stator  brought  to  rest.  During  this  time  the 
rotor  accelerates  so  as  to  keep  the  relative  speed  between  primary  and 
secondary  the  same.  The  method  is  under  perfect  control,  and  by 
proper  handling  of  the  brakes,  the  current,  whilst  the  load  is  being 
accelerated,  can  be  kept  down  as  nearly  as  desired  to  the  load  current 
The  whole  thing  is  self-contained,  there  is  no  need  for  the 
purchaser  to  alter  any  of  his  existing  arrangements,  or  to  instal 
additional  apparatus,  and  the  extra  cost  of  the  motor  is  not  greater 
than  the  cost  of  any  friction  clutch  on  the  market 

It  seems  possible  that  on  the  development  of  such  a  machine  will 
be  found  the  solution  of  the  difficulty  of  starting  squirrel-cage  motors 
under  load,  and  that  it  may  lead  to  the  adoption  of  squirrel-cage 
motors  in  many  places  where  they  would  otherwise  not  be  possible, 
and  where  the  mere  mention  of  a  friction  clutch  might  frighten  the 
prospective  customer  from  adopting  any  induction  motor  whatever. 

Mr.  W.  J.  Belsey  :  I  should  like  to  emphasise  the  importance  of 
judging  an  induction  motor  by  the  apparent  efficiency  and  not  so  much 
by  the  power  factor  of  the  efficiency.  In  the  first  place,  the  power 
factor  is  an  extremely  difficult  thing  to  measure  with  any  degree  of 
accuracy,  whereas  the  efficiency  can  be  determined  pretty  accurately. 

Mr.  J.  Hally  Craig  :  With  many  of  Mr.  Stevenson's  views  I  am 
disposed  to  agree,  but  I  think  that  he  has  been  a  little  too  severe  on 
the  slip-ring  rotor.  Undoubtedly  the  squirrel-cage  rotor  has  many 
advantages  that  appeal  to  the  user  and  to  the  purchaser,  but  the  shp- 
ring  rotor  has  also  many  good  quahties.  The  device  to  which  Mr. 
Stevenson  has  referred  in  rather  a  disparaging  manner,  if  properly 
constructed,  is  perfectly  reliable. 

Mr.  W.  H.  Tittensor  :  People  are  beginning  to  realise  that  shafting 
costs  money  to  run,  though  few  mill  owners  would  believe  that  they 
are  wasting  50  or  60  per  cent,  of  their  power.  There  are  many  cases 
where  small  manufacturers  cannot  afford  to  go  in  for  separate  motors, 
and  they  want  to  put  in  one  motor  for  the  shafting ;  but  if  they  really 
wish  to  get  the  best  results  they  should  go  in  for  separate  motors. 
With  regard  to  clutches,  I  am  glad  to  say  1  have  not  had  much  expe- 
rience of  them  in  a  large  size,  as  I  know  a  number  of  people  who 
have,  and  when  asked  for  their  experience  they  have  rephed  that  they 
would  rather  not  give  it. 

Mr.  Stevenson  (in  reply) :  I  have  to  thank  Mr.  M'Millan  for  the 
very  interesting  and  extensive  criticism  of  the  paper  that  he  has  given. 
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With  regard  to  the  curves  showing  the  comparative  prices,  I  quite  Mr. 
agree  that  these  prices  depend  upon  the  market  value  of  copper ;  but  st^vwuan. 
I  do  not  think  that  this  is  a  very  important  point,  because  the  price  of 
a  squirrel-cage  will  always  be  much  less  than  that  of  a  slip-ring 
machine,  quite  irrespective  of  market  fluctuations.  The  curves  given 
are  well  on  the  safe  side,  as  the  difference  in  price  between  the  two 
types  is  given  as  5  per  cent.  only.  As  a  matter  of  fact,  I  And  that  some 
manufacturers  can  supply  squirrel-cage  machines  at  prices  in  the 
nature  of  20  to  30  per  cent  less  than  the  corresponding  sizes  with 
wound  rotor. 

With  regard  to  the  predetermination  of  the  results  mentioned  by 
Mr.  M'Millan,  I  do  not  think  this  would  appeal  very  much  to  the 
power  user,  however  valuable  it  might  be  from  the  designer's  stand- 
point. I  feel  sure  that  a  good  part  of  the  design  of  an  induction  motor 
is  due  more  to  intelligent  guessing,  coupled  with  the  use  of  previous 
test  results.  For  my  purpose  it  was  essential  tliat  I  should  be  able 
to  go  upon  first-hand  knowledge,  and  therefore  I  naturally  preferred  to 
rely  on  the  actual  test  figures.  I  think  that  most  of  the  members  will 
agree  that  calcubted  results  and  test  results  are  two  quite  different 
things. 

As  regards  Hunt's  method  of  starting,  I  am  afraid  that  this  arrange- 
ment could  only  be  applied  succesi>fully  on  large  motors,  as  it  appears 
to  me  that  there  is  insufficient  space  in  the  smaller  sizes  to  accommodate 
the  very  special  windings.  Mr.  M'Millan  raised  an  important  point 
when  he  referred  to  the  percentage  of  the  power  installed  in  squirrel- 
cage  machines  in  the  installation  referred  to  in  the  paper.  The 
percentage  aggregate  power  of  the  squirrel-cage  motors  is  75.  The 
largest  slip-ring  motor  is  of  40  H.P.  and  the  largest  squirrel-cage 
33  H. P.  In  laying  out  an  induction  motor  plant,  it  is  good  practice 
so  to  arrange  matters  that  the  total  capacity  of  squirrel-cage  motors 
on  any  one  generating  pbnt  shall  not  exceed  a  total  in  B.H.P.  of  at)out 
one-half  the  generator  capacity  in  kilowatts.  Furthermore,  no  single 
squirrel-cage  motor  should  be  of  greater  B.H.P.  capacity  than  one- 
tenth  the  generator  capacity  in  kilowatts.  For  instance,  where  power 
is  supplied  by  a  500-k.w.  set,  no  single  squirrel-cage  motor  should  be 
greater  than  50  B.H.P.,  and  the  total  capacity  of  squirrel-cage  motors 
on  this  set  should  not  be  more  than  250  B.H.P.  These  figures  are 
based  on  the  assumption  that  it  is  desired  to  start  up  the  motors  on 
load.  Of  course,  if  clutches  are  used,  it  would  be  possible  to  instal 
larger  squirrel-cage  machines. 

With  regard  to  the  internal  resistance  method  mentioned  by  Mr. 
M'Millan,  I  am  altogether  against  that.  It  may  be  all  right  in  America, 
but  the  climatic  conditions  over  here  do  not  permit  of  its  successful 
adoption.  In  this  connection  I  might  mention  that  Mr.  Meyer  devised 
ao  interesting  method  for  starting  squirrel-cage  machines,  which  con- 
sisted in  furnishing  the  rotor  with  two  windings,  one  of  iron  and  the 
other  of  copper,  and  arranging  to  cut  out  the  former  after  the  machine 
bad  run  up  to  speed.    Several  machines  were  made  and  tested  under 
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Mr.  actual  working  conditions,  but  it  was  found  that  the  iron  wires  got 

*^*  rusted  up  and  caused  endless  trouble.    Of  course,  such  a  motor  might 

be  entirely  satisfactory  in  a  dry  climate.  An  ingenious  arran^ment 
has  recently  been  introduced  by  Steinmetz,*  who  utilises  the  electrical 
properties  of  magnetite.  This  material  has  a  high  resistance  at  ordinary 
temperatures,  but  becomes  a  good  conductor  at  high  temperatures. 
The  rotor  bars  are  in  electrical  contact  with  the  short-circuiting  rings 
only  through  magnetite  washers,  the  fastening  bolt  being  insulated 
both  from  the  washer  and  the  ring.  The  resistance  of  the  rotor 
circuits  is  thus  large  at  the  start,  owing  to  the  resistance  of  the 
washers,  but  when  the  washers  get  hot  their  resistance  is  negligible. 
When  the  rotor  stops,  the  washers  cool  rapidly,  being  in  contact 
with  a  metal  ring,  and  so  the  motor  can  safely  be  restarted  almo^ 
immediately. 

In  reply  to  Mr.  Nicholson,  what  I  have  said  as  to  the  air-break 
switches  is  quite  correct,  but  of  course  in  the  case  of  fiery  mines  sudi 
a  switch  would  never  be  used.  The  type  shown  in  Fig.  8  is  speciaUj 
suited  for  such  a  purpose.  The  switch  proper  is  enclosed  in  a  cast- 
iron  box  filled  with  oil.  With  regard  to  the  circle  diagram,  I  quite 
agree  that  it  is  not  strictly  accurate,  if  it  is  dissected  bit  by  bit,  but 
taken  all  over,  the  errors  seem  to  cancel  each  other  out,  and  I  maintain 
that,  from  a  practical  man's  point  of  view,  it  is  a  most  useful  diagram, 
and  we  can  learn  a  great  deal  al>out  the  performance  of  the  motor 
by  its  use.  It  is  not  really  so  difficult  to  construct  as  it  appears  to 
be,  for  once  one  diagram  is  plotted  out  the  rest  is  easy.  Roughly 
speaking,  it  is  the  electrical  man's  steam  indicator  diagram.  I  shouM 
have  liked  to  have  been  able  to  devote  more  time  to  the  diagram  when 
reading  the  paper,  but  it  is  such  a  large  subject  that  it  was  quite 
impossible  to  do  more  than  glance  at  it,  so  I  preferred  simply  to  detail 
the  various  steps  as  clearly  as  possible,  and  confine  the  whole  thing  to 
the  appendix.  Adequately  to  deal  with  it  would  require  a  separate 
paper.  I  am  interested  to  learn  that  Mr.  Nicholson  has  obtained 
results  in  regard  to  the  use  of  roller  bearings  which  confirm  the 
figures  given  in  the  paper. 

As  regards  the  loss  in  efficiency  referred  to  by  Mr.  Nicholson,  I  am 
not  in  a  position  to  go  into  this.  He  may  be  correct  in  stating  that  the 
difference  is  3  per  cent,  as  against  my  2  per  cent.  I  do  not  know,  but 
I  do  not  think  that  a  matter  of  i  per  cent,  is  of  any  great  importance  in 
the  majority  of  industrial  cases  that  one  has  to  deal  with,  and  I  should 
be  quite  prepared  to  drop  this  amount  if  I  could  thereby  get  a  machine 
having  the  desired  characteristics. 

With  regard  to  Mr.  Hird's  remarks,  I  think  he  has  furnished  me  with 
an  excellent  example  in  proof  of  the  statement  at  the  foot  of  page  696 
in  the  paper.  Why  should  we  go  out  of  the  way  in  solving  a  simple 
mechanical  problem,  by  adopting  a  much  more  complicated  electrical 
method  ?    I  believe  I  am  correct  in  stating  that  the  idea  referred  to  by 

•    *•  Russell's  Alternattng-ctirrent  Theory/'  vol.  2,  p.  382. 


1908.]  THE  CHOICE  OF  TYPE:    DISCUSSION.  711 

Mr.  Hird  is  not  by  any  means  new,  it  having  been  put  forward  by  De   Mr. 
Lignieres  *  in  1903.    The  fact  that  it  has  made  so  little  progress  since     •^'•'****^ 
that  time  is»  I  think,  convincing  proof  that  the  method  is  incapable  of 
being  made  a  commercial  success. 

I  do  not  think  Mr.  Hird  can  be  correct  in  his  statement  that  the  cost 
of  such  an  arrangement  comes  out  at  no  more  than  a  squirrel-cage 
machine  plus  a  friction  clutch.  Besides,  the  friction  clutch  is  only  one 
out  of  many  other  possible  mechanical  devices  by  the  use  of  which  a 
squirrel-cage  machine  can  be  adopted,  and  one  of  the  objects  of  the 
paper  was  to  draw  attention  to  these  methods. 

Then,  again,  the  arrangement  of  Mr.  Mavor's  motor  means  very 
special  t>earings,  and  I  think  this  is  really  the  crux  of  the  whole 
matter,  and  the  point  where  troable  would  begin. 

Turning  now  to  a  consideration  of  4 he  remarks  that  have  been 
oiade  on  the  friction  clutch,  there  is  one  fact  with  which  I  have 
been  struck,  namely,  that  not  a  single  speaker  had  any  first-hand 
information  or  experience  with  clutches  of  the  sizes  mentioned.  I 
am  therefore  forced  to  the  conclusion  that  what  has  been  said  in 
this  connection  does  not  carry  much  weight,  and  I  maintain  that  a 
squirrel-cage  motor,  together  with  a  well-designed  friction  clutch,  is 
a  more  efficient,  cheaper,  simpler,  more  robust,  more  reliable,  and 
altogether  a  much  sounder  bit  of  engineering  than  an  equivalent 
slip-ring  machine.  Of  course  I  quite  recognise  that  the  former  has 
its  limitations,  and  there  are  cases  where  it  should  give  place  to  the 
machine  with  wound  rotor,  but,  generally  speaking,  these  are  fewer 
than  might  be  supposed.  Experience  in  the  use  of  coil  clutches  has 
shown  that  the  wear  is  practically  negligible,  several  drives  being  in 
use  for  rolling  mill  work  for  at  least  seven  years.  What  actually 
happens  is  that  the  metal  becomes  fatigued  rather  than  worn  out, 
which  results  in  the  head  of  the  coil  breaking  off.  Of  course  the 
renewal  of  this  part  is  a  simple  matter. 

Mr.  Belsey  mentioned  the  difficulties  attendant  on  the  separate 
measurements  of  power  factor  and  efficiency,  and  I  quite  agree  with 
him  in  this.  It  would  certainly  be  better  from  the  manufacturer's 
point  of  view  if  guarantees  were  given  on  the  apparent  efficiency 
instead,  since  test  results  sometimes  give  power  factors  well  over  the 
guarantee  and  efficiencies  under  the  guarantee. 

Mr.  Craig  has  referred  to  a  special  method  of  starting  large 
motors,  and  it  is  very  interesting  to  know  that  i,ooo-H.P.  squirrel- 
cage  machines  can  be  started  up  in  such  a  simple  manner.  As 
regards  slip-ring  motors,  Mr.  Craig's  experience  must  have  been 
more  favourable  than  mine.  I  am  quite  sure  that  there  will  be  just 
as  muoh  trouble  with  a  j-phase  slip-ring  as  with  a  continuous- 
current  motor  when  it  is  put  down  a  coal-pit  and  subjected  to  the 
rough  usage  it  is  bound  to  get.  In  view  of  the  autocratic  attitude 
adopted  by  some  local  authorities   towards  their    consumers    it    is 

•  A.  Hjiy:  •*  Altcrnatinjt  CunrntV  p.  J 17. 
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Mr.  refreshing  to  hear  of  a  case  where  current  is  being  supplied  \%-itho3i 

terensoiL  ^^^  ^^  ^^^  restrictions  usually  imposed  in  regard  to  the  size  of 
motors,  etc. 

Mr.  Tittensor  has  corroborated  my  views  as  regards  shafting 
losses. 

With  respect  to  the  size  of  the  motor  it  may  be  worth  while 
pointing  out  that  the  Y-delta  arrangement  can  be  used  very  nicely 
where  it  is  necessary  to  instai  a  motor  somewhat  too  large  for  it- 
work  in  the  first  instance.  To  begin  with,  the  motor  would  be  run 
normally  on  YK:onnection,  but  after  the  load  had  increased  to  a 
sufficient  extent  the  delta-connection  would  be  used,  and  by  this 
means  higher  efficiencies  and  power  factors  would  be  obtain^ 

The  Chairman  moved  a  hearty  vote  of  thanks  to  Mr,  Stevenson 
for  his  valuable  paper. 
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THE    DESIGN    AND   USE    OF    TELEPHONE   AND 
TELEGRAPH    CABLES. 

By  F.  Tremain,  Member. 

{Paper  received  from  the  Newcastle  Likal  Section,  February  26,  and  read 
at  Sewcastle,  April  6,  1908.) 

Recent  designs  of  telephone  and  telegraph  cables  have  been  almost 
entirely  limited  to  the  paper-insulated  lead-sheathed  variety ;  for  aerial 
cables  as  well  as  underground  cables  are  now  of  this  type,  and  other 
types  of  aerial  cable  and  submarine  cables  have  not  to  any  large  extent 
been  altered  in  character  for  many  years.  It  is,  therefore,  proposed  to 
confine  attention  in  this  paper  to  the  type  almost  universally  employed 
for  telephone  and  telegraph  circuits. 

The  cost  is  governed  in  the  case  of  large  multiple  cables  by  the 
quantity  of  copper  required,  although  in  small  cables  lead  may  become 
the  governing  factor. 

For  telegraph  purposes  pure  and  simple  a  single  wire  insulated 
with  paper  and  surrounded  by  a  screening  tape  of  copper  is  in  general 
use,  although  in  cables  which  may  be  used  interchangeably  for  tele* 
phone  or  telegraph  purposes  pairs  of  wires  arc  used  for  both  purposes 
as  will  be  explained  later. 

In  each  case  a  copper  wire,  which  varies  in  diameter  from  35  mils 
for  local  piu-poses  to  113  mils  for  trunk  purposes,  is  insulated  by  means 
of  paper  carefully  selected  and  of  long  fibre.  The  paper  is  generally 
applied  longitudinally  in  a  suitable  covering  machine  which  is  some* 
times  arranged  to  supplement  the  longitudinal  wrapping  by  a  helical 
covering,  tx)th  being  applied  without  much  tension,  so  as  to  leave  as 
much  air-space  as  possible  between  the  wire  and  the  individual  wrap* 
pings  of  paper.  In  lieu  of  the  helical  wrapping  of  paper  a  whipping  of 
thread  is  often  used.  The  paper  used  varies  in  thickness  from  3  or  4 
mils  to  as  much  as  10  mils  in  the  case  of  very  heavy  conductors. 

In  the  case  of  screened  conductors  the  screening  copper  tape  is 
about  3  mils  in  thickness  and  about  ^  to  |-in.  in  width  applied 
helically  with  a  slight  overlap,  its  object  being  to  screen  the  conductor 
from  the  inductive  effect  of  neighbouring  conductors  traversed  by 
telegraphic  impulses. 

The  screened  conductors  vary  in  diameter  from  50  mils,  weighing 
40  lbs.  per  mile  to  1 13  mils  weighing  200  lbs.  per  mile,  and  in  the 
smaller  sizes  the  screening  tape,  although  rolled  as  thin  as  possible,  is 
practically  of  the  same  weight  as  the  conductor  itself.  Care  is  taken  in 
stranding  the  wires  into  a  cable  that  the  screening  tape  is  in  contact 
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with  the  lead  sheathing  and  therefore  earthed.  The  electrostatic 
capacity  of  such  a  conductor  measured  to  earth  is  0*097  to  0*133 
microfarads  per  mile.  The  calculated  dimensions  for  various  capacities, 
etc.,  arc  given  in  Table  I. 

When  the  conductors  are  not  screened,  two  wires  insulated  in  the 
manner  described  are  twisted  together  in  a  twinning  machine  with  a 
definite  length  of  lay  varying  in  Post  Ofl&ce  cables  from  4  in.  to  13  in., 
and  each  length  of  lay  is  indicated  by  the  use  of  a  coloured  wrap- 
ping, which  insures  that  no  two  pairs  of  the  same  lay  are  adjacent 
when  the  pairs  are  stranded  to  make  a  cable  or  cable  core. 

The  efficiency  of  such  a  pair  of  conductors  depends  on  their  con- 
ductivity, the  electrostatic  capacity  from  wire  to  wire,  and  the  in- 
ductance of  the  loop  formed  by  the  pair  of  wires. 


Fig.  I.  Fig.  2. 

Stranding  and  Numbering. 
Cables  with  6  wires  and  upwards.  Cables  wiUi  14  wires  and  upwards. 

The  electrostatic  capacity  varies  from  0*04  to  0*07  microfarads  per 
mile  and  the  self-induction  from  0*9  to  1*4  millihenrys  per  mile. 

A  rough  empirical  rule  for  determining  the  space  requisite  for  any 
desired  wire-to-wire  capacity,  with  the  class  of  paper  and  method  of 
covering  usually  employed,  is  that  if  the  diameter  of  the  completed 
pair  of  wires  is  three  times  that  of  one  of  the  conductors,  the  wire-to- 
wire  capacity  measures  about  0*07.  If  the  ratio  is  four  to  one,  the 
capacity  measures  0*055  ^^  thereabouts,  whilst  if  the  diameter  of  the 
pair  of  wires  is  increased  to  five  times  that  of  one  of  the  conductors 
forming  it,  the  capacity  falls  to  a  little  over  0*04  microfarads  per  mile. 

It  is  not  impossible,  therefore,  to  obtain  in  a  cable  a  more  efficient 
loop  with  conductors  weighing  100  lbs.  to  the  mile  than  with  150-lb. 
conductors  ;  for  if  the  latter  are  made  to  have  a  capacity  of,  say,  0*07 
microfarads  per  mile  and  the  former  0*045  microfarads,  on  the  basis  of 
K  R  alone  the  loo-lb.  loop  would  be  more  efficient,  and  in   addition  it 
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would  have  a  higher  inductance,  say  1*2  millihenry s  per  mile  as  against 
as  little  as  0*9  millihenrys.  It  follows  that  in  cable  designing,  paper 
and  air  being  cheaper  than  copper,  great  advantages  follow  from  a  well- 
considered  design. 

The  great  importance  of  obtaining  a  low  electrostatic  capacity  in 
a  telephone  loop  will  be  seen  from  the  illustrations  of  distortion  given 
in  Sir  John  Gavey's  Presidential  Address  *  in  1905,  and  in  Cohen  and 
Shepherd's  paper  on  telephone  transmission  measurements,!  The 
table  of  equivalent  circuits  in  the  former  paper,  some  the  results  of 
experiments  and  others  based  on  formulas,  are  interesting  from  this 
point  of  view. 

There  is  also  room  'for  much  ingenuity  in  the  assembly  of  the  pairs 
of  wires  to  form  a  cable — more  so  than  in  the  case  of  screened  con- 
ductors  which  usually  form  the  outer  layer  or 
layers  of  the  cable,  and  are  not  often  stranded 
to  form  pairs  or  other  cores. 

The  original  method,  and  one  still  much 

in  vogue,  is  to  strand  the  alternate  pairs  up 

layer  by  layer  in  ^  stranding  machine,  each 

alternate  layer  forming    a    left-handed    and 

right-handed  spiral.    The  number  of  pairs  thus 

stranded  varies  from  seven  pairs  in  a  small 

distribution  cable  to  as  many  as  606  fiairs  in 

Fig.  3.— Stranding  and    the  largest  main  telephone  cable.     In  these 

Numbering.  ygj^  large  multiple  cables  for  local  service  the 

Cables  withes  wires  and        smallest  wires  quoted  above  are  used.    Thb 

method  of  laying  up  cables  in  regular  layers  is 

quite  straightforward  and  calls  for  no  comment,  but  the  central  wire  or 

wires  and  the  character  of  the  successive  layers  in  these  "  simple  twin '' 

cables  are  indicated  in  Figs,  i,  2,  and  3. 

Two  other  methods  of  stranding  the  pairs  are  in  general  use  : — 

(a)  The  quadruple  pair  type. 

(b)  The  multiple  twin  type. 

These  it  will  be  interesting  to  describe  in  some  detail ;  but  befwc 
doing  so  it  will,  perhaps,  be  well  to  discuss  the  varied  requirements 
which  multiple  subterranean  cables  are  required  to  meet,  which  may 
be  classified  as  follows  : — 

{a)  Trunk  line  telephone  cables. 
(6)  Junction  telephone  cables. 

(c)  Main  telephone  cables  wholly  allocated  to  subscribers*  lines 

from  an  exchange  centre. 

(d)  Composite  cables  providing  for  any  two  or  three  of  the  above 

services. 
(c)  Composite  cables  primarily  intended  for  telephonic  purposes, 
but  also  containing  telegraphic  wires. 

♦  journal,  ImtiluUon  of  Electrical  Engineers,  vol.  36.  p.  4,  1906. 
t  Ibid.,  vol.  39,  p.  503,  1907. 
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The  chief  defects  in  the  original  type  which  these  special  cables 
were  designed  to  avoid  are  : — 

(a)  Their  inefliciency  for  anything  but  short  distance  communica- 
tions. 

{b)  Their  costliness  in  the  provision  of  spare  wires. 

(c)  The  waste  involved  in  the  uncertainty  as  to  the  ultimate 
requirements  at  the  points  selected  for  distribution. 

They  are  also  unsuitable  for  superimposed  circuits,  in  considerable 
use  on  aerial  lines  to  which  these  are  often  connected,  and  they 
generally  provide  for  the  short-distance  subscriber's  circuit  the  same 
weight  of  conductor  as  for  circuits  of  greater  length. 

As  regards  the  last  point  it  may  be  noticed  that  an  ideal  conductor 
for  subscriber's  circuits  would  be  one  that  tapered  gradually,  from  the 
longest  distance  served  on  a  route  to  the  shortest  from  the  exchange, 
the  wire-to- wire  capacity  per  mile  being  also  reduced  as  the  length 
increased.  This  would  allow  of  any  pair  of  conductors  being  appro- 
priated for  a  new  subscriber,  wherever  he  may  be,iensuring  equality  of 
treatment  for  all  subscribers  within  the  telephone  area.  This  equality 
is  very  desirable  if  the  long-distance  trunk  service  is  to  be  available 
for  all  users  of  the  telephone  without  regard  to  their  situation  relative 
to  the  trunk  centre.  If  this  be  admitted,  the  longest  trunk  circuit 
provided  will  determine  the  efficiency  requisite  in  a  telephone  area. 

A  similar  line  of  reasoning  is  applicable  to  multiple  trunk  line 
cables,  in  which  it  is  rarely  possible  to  allocate,  in  the  first  instance, 
the  whole  of  the  wires  for  suitable  trunk  lines.  Now  it  is  clearly 
impossible  to  secure  this  ideal  equality  of  treatment  in  a  telephonic 
network,  nor  is  it  possible,  when  multiple  cables  are  used  for  trunk 
circuits,  to  provide  equal  efficiency  for  lines  of  varying  length  unless 
the  ultimate  appropriation  of  all  the  wires  can  be  foreseen.  On  an 
aerial  line,  on  the  contrary,  conductors  of  suitable  gauge  can  be  added 
from  time  to  time. 

It  is  to  meet  these  difficulties  that  composite  cables,  containing 
different  gauges  of  wire,  have  been  manufactured,  but  their  utility  is 
limited,  and  they  have  the  disadvantage  that  a  larger  number  of  con- 
ductors of  fixed  gauge  have  to  be  provided  for  future  use.  This 
condition  naturally  suggests  the  grouping  of  wires  in  a  cable  to  form 
conductors  of  larger  cross- section,  an  arrangement  which  cannot  be 
earned  out  with  any  electrical  advantage  in  the  case  of  cables  in  which 
the  pairs  of  wires  are  arranged  in  layers  in  the  usual  manner. 

In  the  two  types  above  mentioned  this  difficulty  is  met  by  stranding 
pairs  in  such  a  way  that,  (a)  in  addition  to  the  individual  pairs  being 
available  to  form  a  twisted  looped  circuit,  the  wires  of  two  or  more 
pairs  may  t>e  bunched  to  provide  double  conductivity  without  materially 
increased  capacity ;  (b)  by  the  use  of  transformers  the  unit  loops  can 
be  utilised  for  a  circuit  at  the  same  time  as  those  of  double  conductivity. 
In  quadruple  pair  cable  four  pairs  of  wire  are  stranded  around  a  centre 
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of  yarn,  to  form  quadruple  pair  cores,  and  where  the  condoctors  are 
large  enough,  weighing  loo  lbs.  or  more  per  mile,  these  four  pairs  are 
wormed  with  four  pairs  of  smaller  gauge,  weighing  lo  lbs.  or  more  per 
mile,  forming  an  8-pair  core.  These  cores  are  then  laid  up  into  a 
cable  of  any  desired  number  of  pairs. 

Quadruple  pair  cores,  being  large,  allow  of  the  helical  interstices 
formed  in  each  layer  being  utilised  for  smaller  pairs  of  wires,  as  may 
be  found  necessary. 


Fig.  4. 


The  quadruple  pair  formation  admits  of  two  diagonal  pairs  being 
each  bunched  to  form  conductors  of  double  conductivity,  the  two  pairs 
being  used  for  a  metalhc  telephone  circuit.  The  stranding  of  the  four 
pairs  around  a  common  centre  ensures  that  these  loops  of  double  con- 
ductivity shall  be  non-inductive  to  any  similar  loops  in  the  same  cable. 
The  mutual  capacity  between  these  conductors  of  double  conductivity 
is  not  materially  greater,  and  may  be  made  actually  less  (see  Table  IV.), 
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than  that  obtained  between  the  conductors  of  the  anit  pairs  of  which 
they  are  made  up.  An  electrical  advantage  is  thus  secured,  and  speech 
can  as  a  result  l>e  carried  on  over  a  much  greater  distance.  In  the 
same  way  all  the  four  wires  forming  a  part  of  two  neighbouring  pairs 
can  be  grouped  together  to  form  a  conductor  of  fourfold  conductivity 
and  can  be  associated  with  the  other  four  wires,  similarly  grouped  to 


Fio.  5- 


form  a  telephone  loop,  this  loop  of  fourfold  conductivity  being  non- 
inductive  to  other  loops  in  the  cable.  The  capacity  of  such  a  loop  is 
necessarily  higher  than  that  formed  of  diagonal  pairs,  but  the  arrange- 
ment would  sometimes  prove  advantageous.  The  worming  pairs  can 
also  be  grouped  in  the  same  way,  and  the  mutual  capacity  results 
obtained  with  this  combination  are  interesting. 
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All  the  remarks  as  to  bunching  conductors  apply  to  superimposed 
circuits,  for  one  of  these  loops  is  obtained,  in  such  a  system,  by 
bunching  the  initial  conductors  through  one  winding  of  a  transformer. 
The  general  result  obtained  will  be  best  illustrated  by  reference  to  a 
diagram  of  a  42- wire  cable  (Fig.  4),  excellent  electrical  tests  having 
been  obtained  with  a  cable  of  this  type.  It  will  be  seen  that  the  cable 
is  formed  of  four  quadruple  pairs  laid  around  a  central  pair  of  the  same 
size  and  wormed  with  four  pairs  of  equal  weight,  this  being  the  correct 
geometrical  formation.  The  wires  of  the  pairs  forming  each  core  are 
laid  up  with  a  different  lay,  to  ensure  immunity  from  cross-talk  and  to 


TABLE   II. 

Air-space  Paper-core  Cables. 

42-wire  loo-lb.  Quadruple  Pair  Core.       Tests  on  Completion. 

Length,  11  Miles. 


Circuit  Tested  for  ElcctrosUtlc 

Capacity.     Weight  of  Conductor 

per  Mile. 

Microfarads  per  Mile  of  Loop. 

Resistance 
Ohms  per 

Maximum. 

Mean. 

Minimum. 

Mite  of 
Coodoctor.    ■ 

Wire   to  wire  of  pairs, ) 
100  lbs.           

0*0446 

00416 

00391 

8-62 

Between     diagonal     of 

quadruple  pairs,  cores  > 

0-0502 

0*0487 

0*0469 

431 

200  lbs.           , 

Between  diagonal  worm- 

ing pairs  (across  cable),  > 

— 

00453 

00400 

4-31 

200  lbs.           

Between    neighbouring 

1      double  pairs  of  quad- 

00963 

— 

2*l6 

1      ruple  cores,  400  lbs. ... 

Between  diagonal  quad- 
ruple cores,each  Soolbs. 

00905 

I -08 

ensure  the  same  result  when  the  pairs  are  bunched  as  described  ;  the 
four  quadruple  cores  have  also  different  lengths  of  lay.  The  quadruple 
cores  in  this  cable  are  about  i  in.  in  diameter,  and  the  complete  cable 
over  the  lead  sheathing  has  a  diameter  of  2*71  in.,  which  is  nearly  the 
maximum  size  permissible  for  a  3-in.  pipe.  The  electrical  results 
given  by  an  ii-mile  length  of  such  a  cable  are  shown  in  Table  II. 
This  may  be  regarded  as  typical  of  trunk-line  cables,  but  for  long- 
distance transmission  it  would  be  desirable  to  provide  200-lb.  con- 
ductors and  a  cable  3}  in.  in  diameter  drawn  through  4-in.  pipes 
(Fig.  5).    The  electrical  results  obtained  on  a  2j-milc  length  of  this 
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cable  arc  given  in  Tabic  IIL,  and  are  very  similar  to  those  obtained  in 
the  smaller  cable.  With  such  a  cable  telephonic  speech  between 
London  and  Manchester  would  be  practicable.  The  cost,  including 
pipe- work,  cabling,  jointing,  and  equipment,  would  be  high — exceeding, 
probably,  ;f 300,000— but  by  the  addition  of  loo-lb.  worming  pairs  as 
shown  in  Fig.  5  and  the  sample  on  view,  24  circuits  would  be  provided, 
adequate  for  intermediate  distances — a  total  of  48  metallic  circuits. 
This  number  could  be  increased  to  about  60  by  the  superimposing 
scheme  illustrated  diagrammatically  in  Fig.  6.    No  doubt  it  would  be 


TABLE   in. 

Air-space  Paper-core  Cables. 

Quadruple  Pairs  with  Worming, 

Diameter,  3 J  in.  42-200-lb.  Conductors. 

48-ioo-lb.  Conductors. 


circuit  Tc»lcd  for  Electroitatk  Capacity. 
Eitcctivc  W€i|;bt  uf  Ci>oductor«  per  Mile. 


Wire  to  wire  of  loo-lb.  pairs  ... 

Wire  to  wire  of  aoo-lb.  pairs  ... 

Diagonal  worming  pairs  bunched  to '  [ 
form  400-lb.  loop  across  the  cable  ' 

lictween  diagonal  bunched  pairs  of  ^ 
quadruple  cores,  400  lbs.     ... 

Diagonal  quadruple  cores  bunched 
(100 -lb.  conductors)  to  form 
8oo-lb.  loop 

Diagonal  quadruple  cores  bunched 
(200- lb.  conductors)  to  form 
i,^Kx>-lb.  loop 

Diagonal  quadruple  cores  bunched 
(200-  and  loo-lb.  conductors^  to 
form  2,400-lb.  loop    


Mean  Capacity.        Resistance  Ohms 
Mlcro£ara<lsper  per  Mile  of 

Mile  of  Loop.      1         Conductor. 


0*0607 
0X456 

ox)400 
0*0500 


0*I200 


o'i6oo 


862 
4-31 

2*  1 6 
2'l6 

108 

054 
036 


desirable  in  such  a  case  to  provide  for  loading  the  cable  with 
inductance  coils  at  every  2  or  2^  miles.  A  small  conductor  quad- 
ruple pair  cable  is  illustrated  in  Fig.  7. 

In  the  multiple  twin  type  the  facility  for  increasing  the  conductivity 
without  abnormally  increasing  the  capacity  of  the  heavier  loop  is 
obtained  by  a  system  of  successive  twinning.  Two  pairs  of  wire 
hanng  been  made  in  the  way  already  described,  these  are  twisted 
together  to  form  a  double  pair.     These  two  pairs  serve  the  same 
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purpose  as  the  diagonal  pairs  of  the  quadruple  core  described  above. 
A  similar  double  pair  having  been  prepared,  the  two  double  pairs  are 
in  turn  twisted  together  to  form  a  pair  of  fourfold  conductivity  (sec 
Fig.  ii).  Eight- wire  cores  formed  in  this  way  are  laid  up  into  a  cable, 
and  although  the  fourfold  pairs  cannot  be  wormed  with  smaller  con- 
ductors as  can  the  quadruple  cores,  layers  of  them  can  be  wormed  with 
small  groups  of  pairs  or  by  single  pairs  as  can  layers  of  quadruple 


Fig.  6. 


cores.    Two  8-wire  cores  have  been  paired  in  the  same  ^-ay  to  form 
1 6- wire  cores. 

A  multiple  twin  cable  of  lo  lbs.  conductor,  containing  1,212  wires, 
provides  facilities  for  utilising  spare  wires  in  the  outer  zones  of  a 
network  in  the  manner  referred  to  later.  A  sample  of  this  cable, 
showing  the  stages  of  manufacture  described  above,  is  on  the  table, 
together  with  samples  of  quadruple  pair  and  composite  cables,  illus- 
trating the  various  methods  of  stranding  described  above. 
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Quadruple  pair  and  multiple  twin  cable  cores,  say  2  in.  in  diameter, 
are  sometimes  surrounded  by  a  layer  of  ordinary  twin  conductors  or  by 
one  or  more  layers  of  screened  conductors  for  telegraph  purposes,  this 
latter  being  the  method  adopted  in  the  case  of  the  former  type  in 


DUi;rani  of  Bancbed  Coodtictora. 
Fig,  7. 

connection  with  the  West  of  England  underground  s>'stem  (Fig.  8)  and 
in  the  latter  tjrpe  in  connection  with  the  Northern  underground  cables 
(PIS'  9)  ^nd  the  cable  now  being  provided  between  Leeds  and  Newcastle 
(Fig.  10). 
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The  electrical  results  are  given  in  Tables  IV.  and  V. 

Cables  thus  completely  laid  up  ready  for  sheathing  are  dried 
in  ovens  or  vacuum  chambers  to  raise  the  insulation  prior  to  sheathing 
with  lead  by  passing  the  core  through  a  lead  press  in  precisely  the 
same  way  as  that  adopted  for  other  lead-covered  cables. 

Immediately  after  sheatliing  the  cable  is  submerged,  and  when  cool 
tests  for  conductivity  and  insulation  are  made.  As  regards  the  latter 
test,  it  is  interesting  to  note  that  an  insulation  of  from  io,ooo  to  20,000 
megohms  is  frequently  obtained,  and  that  if  the  insulation  of  a  core  is 
allowed  to  fall  much  below  5,000  megohms  the  electrostatic  capacity  is 
raised. 


Fig.  8. 


In  this  country  these  cables  are  almost  invariably  drawn  into  pipes, 
the  sizes  generally  used  being  3,  3^,  and  4  in.,  joints  being  made  at 
every  176  yards,  or  thereabouts,  and  sealed  by  a  lead  sleeve  and  care- 
fully-wiped joints.  These  joints  are  tested  under  a  pressure  of  30  lbs. 
to  the  square  inch,  it  being  essential  that  the  cable  throughout  its  entire 
length  shall  be  absolutely  air-tight. 

The  method  of  jointing  the  quadruple  pair  and  multiple  twin  cables 
is  interesting,  and  a  brief  description  will,  therefore,  perhaps  be  not 
out  of  place. 

Although  so  far  as  the  mechanical  operations  of  jointing  are  con- 
cerned the  ordinary  methods  are  followed,  great  care  is  taken  that  the 
individual  main  cores  on  one  side,  whether  they  be  of  4,  8,  or  i6  wires, 
are  joined  to  similarly  constructed  cores  on  the  other  side  of  the  joint, 
and  that  individual  wires  or  pairs  do  not  cross  from  one  core  to  another. 
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The  most  convenient  main  cores  are  selected  for  jointing  togct 
irrespective  of  colours. 

As  a  general  rule  multiple  twin  cables  are  laid  up  in  8-wire  cores, 
and  the  construction  of  the  core  and  method  of  jointing  are  illustrated 
in  Fig  II. 

As  each  of  the  differently  coloured  pairs  of  wires  is  laid  up  with  a 
distinctive  lay  it  is  necessary  to  follow  a  definite  plan  in  jointing  the 


Fig.  9. — Showing  Numbering  as  viewed  from  the  Up-side, 

a  dlai^rammatic  rcprcacnUtioc 
\bc  wires  wlU  fill  the  spaces. 


NOTK.— Tbc  above  Is  only  a  dlaiprammatic  reprcwnUtioo  of  tbc  cable.    In  practice 

"filltbe»pa< 


pairs  together,  in  order  that  the  greatest  immunity  from  inductive 
disturbance  may  be  secured.  At  each  joint  the  coloured  pairs  arc 
connected  as  follows :  The  colour  first  mentioned  in  each  case 
is  taken  from  the  side  from  which  the  jointing  is  proceeding. 

White  pair  to  Green  pair. 
Red  H     Blue      „ 

Green        „    Red        „ 
Blue  „    WTiitc    „ 
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Keeping  these  colour  changes  in  view,  a  pair  of  wires  on  one  side  is 
joined  to  a  pair  upon  the  other,  as  a  to  a'  in  the  figure.  WTien  this  has 
been  done,  the  second  pair  6,  of  the  4-wire  core  on  the  one  side  is 
joined  to  that,  6',  on  the  other,  forming  a  through  4-wire  core  r  ^,  all 
the  wires  in  which  should  be  under  one  wrapping  of  paper. 

The  4-wire  cores, /and/',  under  the  same  paper  wrappings  as  c  and 
e'  respectively,  is  next  jointed  in  a  precisely  similar  manner — Lc,  c  to  d 
and  d  to  d\  thus  completing  a  through  8-wire  core,  g  ^,  all  the  wires 
being  under  one  wrapping  of  paper. 


t-^te 


2^4 


Fig.  10. 


Similar  precautions  are  taken  in  the  jointing  of  quadruple  pair  cores, 
the  pairs  of  which  are  of  different  lay,  the  colours  of  the  pairs  being 
red,  blue,  green,  and  white,  in  order  of  length  of  lay. 

If  pairs  of  similar  colour  were  jointed  together  to  form,  say,  a 
continuous  mile  length  of  cable,  the  red  pair,  being  of  shorter  lay, 
would  contain  more  wire  than  the  white  pair,  its  diagonal. 

Consequently,  when  used  as  one  the  resistance  of  the  red  pair 
bunched  to  form  an  A  wire  would  be  slightly  greater  than  that  of  the 
white  pair  bunched  to  form  the  B  wire. 

Care  is  therefor*  taken  in  jointing  these  cables  that — 

1.  In  any  quadruple  pair   core  similarly  coloured  pairs  arc  not 

jointed  together. 

2.  The  diagonal  positions  of  the  pairs  are  maintained. 

In  quadruple  pair  core  the  red  pair  is  diagonally  opposite  the  white 
pair,  and  similarly  the  green  pair  is  diagonally  opposite  the  blue  pair. 
At  each  joint  if  red  is  joined  to  green  then  white  is  joined  to  blue. 
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Each  quadruple  pair  core  has  a  paper  wrapping  of  a  distinctive  colour 
and  in  jointing  cores  having  dissimilar  colours  are  always  connected 
together. 

In  addition  to  the  quadruple  cores  forming  a  cable,  "worming 
pairs"  may  be  added — that  is,  pairs  which  occupy  the  interstices 
between  the  cores,  or  between  the  pairs  and  the  cores  themselves. 

To  avoid  parallelism  of  these  pairs  with  the  main  pairs  when 
bunched  it  is,  therefore,  necessary  that  the  pairs  worming  a  quadruple 
core  should  be  crossed  diagonally  at  each  joint,  the  continuity  of  the 
diagonals  being  maintained. 

Superimposing,--Xn  economical  method  of  using  such  cables  is 
illustrated  in  Fig.  6  by  means  of  a  quadruple  pair  core,  my  practical 
experience  of  superimposing  having  t)een  confined  to  the  use  of  this 
type ;  but  it  is  clear  that  similar  results  are  to  be  obtained  with  the 
multiple  twin  type. 

In  the  first  quadruple  cable  cited  Fig.  4  the  unit  conductors, 
weighing  100  lbs.  per  mile,  would  be  used  for  distances  up  <o 
40  or  50  miles.  At  the  end  of  these  sections  transformers  would  be 
installed,  the  primaries  of  which  would  be  connected  with  telephone 


Fig.  XI. 


exchanges  on  the  line  of  route  between  which  traffic  is  probable.  The 
secondary  windings  of  the  transformers  would  be  connected  across 
the  A  and  B  of  the  loop.  The  central  point  of  the  secondary  winding 
being  accessible,  it  would  be  connected  to  the  central  point  of  the 
secondary  winding  of  a  similar  transformer  connected  to  the  A  and  B 
wires  of  the  forward  section  of  the  same  loop,  this  process  being  followed 
through  the  entire  length  of  the  cable.  The  diagonal  loop  having 
been  similarly  equipped  at  the  same  -points  throughout,  there  will  be 
available  between  the  extreme  ends  of  the  cable  a  loop  of  2oo-lb. 
conductors  of  low  mutual  capacity.  The  only  disadvantage  would 
be  the  insertion  of  non-inductive  resistances  at  three  or  four  places ; 
whilst  the  great  economical  advantage  will  have  been  secured  of  ha\*ing 
heavy  conductors  for  communication  between  the  termini,  which 
have  already  been  utilised  for  intermediate  communications.  The 
shorter  circuits  would  t>e  subject  to  the  losses  common  to  all  inductive 
circuits ;  but  doubtless  transformers  could  be  designed  for  such  a 
purpose  which  would  reduce  these  losses  to  a  minimum,  although 
the  type  in  general  use  would  be  perfectly  efficient  for  the  distances 
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indicated  in  this  case.  It  is  clear  that,  if  four  pairs  forming  a 
quadruple  pair  be  symmetrically  stranded  around  their  commoo 
centre  of  yarn,  the  companion  diagonal  loops  could  be  similarly 
utilised.  Exhaustive  experimental  trials  have  been  made  on  circuits  ii, 
33»  55>  ^^^  77  miles  long  in  quadruple  pair  cables  with  complete 
success  ;  and  in  addition  superimposing  has  been  successfully  obtained 
by  the  insertion  of  transformers  in  the  200-lb.  circuits  and  using  as  the 
A  wire  of  an  additional  circuit  two  diagonal  pairs  of  wires  (400  lbs. 
per  mile)  and  as  the  B  wire  the  companion  diagonal  pairs  of  wire 
in  the  same  quadruple  core,  thus  obtaining  seven  circuits  with  four 
pairs  of  wire  as  shown  in  Fig.  6.  There  was  a  complete  absence 
of  cross-talk  or  inductive  interference  throughout  the  system. 

As  illustrating  their  utility,  if  cables  of  this  type  were  used  between 
Liverpool  and  Leeds,  communication  could  be  established  between 
the  following  towns  on  the  line  of  route  by  means  of  inductive  circuits 
as  described  above  ; — 

Liverpool  and  Warrington.  Oldham  and  Halifax. 

Warrington  and  Manchester.  Manchester  and  Halifax. 

Liverpool  and  Manchester.  Manchester  and  Leeds. 

Manch(^ster  and  Oldham.  Halifax  and  Leeds. 

Halifax  and  Bradford.  Bradford  and  Leeds. 

Also  by  spur  lines  off  the  line  of  route  connected  to  the  transformers, 
between,  for  instance  ; — 

Liverpool  and  Salford.  Stockport  and  Bradford. 

Liverpool  and  Stockport.  Stockport  and  Huddersfield. 
Liverpool  and  Ashton-under-Lyne.    Rochdale  and  Huddersfield. 

Salford  and  Rochdale.  Rochdale  and  Halifax. 

Salford  and  Oldham.  Rochdale  and  Bradford. 

Stockport  and  Oldham.  Rochdale  and  Leeds. 

Stockport  and  Rochdale.  Rochdale  and  Wakefield. 
Stockport  and  Halifax. 

Huddersfield  and  Leeds.  Bradford  and  Wakefield. 
Huddersfield  and  Wakefield. 

In  this  way  all  the  unit  conductors  will  be  utilised  for  short-distance 
communications  between  large  towns  having  a  community  of  interests, 
and  therefore  likely  to  provide  an  adequate  traffic.  At  the  same 
time  conductors  of  double  conductivity  metallic  circuit  would  be 
available  for  traffic  between  Liverpool  and  Leeds,  with  extensions 
by  means  of  aerial  lines  to,  say,  Hull,  Goole,  Grimsby,  York,  and  other 
places  within  about  100  miles  of  Leeds  as  a  centre,  and  similarly 
with  Liverpool  as  a  centre. 

Considerable  lengths  of  two  other  types  of  quadruple  pair  cable 
have  been  manufactured,  namely,  (a)  one  containing  56  conductors, 
each  weighing  100  lbs.  per  mile,  15  miles  having  been  laid  betu'ccn 
Liverpool  and  Warrington ;  and  (6)  one  containing  the  same  number 
of    wires,   associated   with    26  screened    conductors  for  telegraphic 
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purposes  between  Maochester  and  Warrington,  a  distance  of  19  miles. 
These  cables  are  illustrated  in  Figs.  12  and  13  respectively. 

Quadruple  pair  and  multiple  twin  cables  have  also  an  advantage 
for  junction  lines  between  exchanges,  especially  where  it  is  necessary 


-^•X5\* 


Fio.  12. 


Fio.  13. 


to  provide  connections  for  long  trunk  communications.  For  local 
purposes  conductors  of  the  usual  gauge  can  t)e  associated  with 
those  of  larger  sizes  without  reducing  the  number  of  wires,  whilst 
the  heavy  conductors  are  capable  of  being  bunched  for  special  purposes. 
The  planning  of  an  underground  network  for  a  local  telephone 
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system  on  economic  lines  presents  a  fascinating  problem,  and  time 
does  not  admit  of  the  subject  being  fully  dealt  with  in  this  paper. 

Certain  transmission  standards  having  been  agreed  to  for  local  and 
trunk  purposes,  and  the  equivalent  lengths  of  various  conductors  in 
cable  and  open  lines  having  been  determined  in  terms  of  a  stand^^ 
cable,  it  is  made  evident  that  whilst  conductors  weighing  lo  lbs.  to  the 
mile  are  necessary  for  many  subscribers  to  an  exchange  system,  there 
are  a  large  number — probably  the  majority — of  those  connected  to  a 
well-placed  exchange  who  could  be  efficiently  served  by  a  conductor 
of,  say,  5  lbs.  to  the  mile.  It  is  doubtful,  however,  if  so  small  a  con- 
ductor could  be  safely  provided  in  a  cable  of  the  ordinary  construction, 
as  the  pairs  of  wires  would  require  to  take  the  strain  of  the  large 
stranding  machine  used  for  building  up  the  entire  cable.  In  quad- 
ruple pair  and  multiple  twin  cables,  on  the  contrary,  i>airs  are  fira 
assembled  in  small  machines  into  suitable  cores,  and  these  8-wire 
cores  so  manufactured  would  be  quite  capable  of  taking  the  strain 
involved  in  the  final  stranding  of  the  cable. 

These  two  types  therefore  bring  within  practical  limits  much 
smaller  conductors  than  are  now  used,  with  the  advantage  that 
whenever  necessary  they  can  be  bunched  to  form  lo-lb.  or  20-lb. 
conductor  circuits. 

This  uniformity  of  type  should  prove  of  great  advantage  in  planning 
a  local  system.  Not  only  would  it  prove  economical  in  the  way  indi- 
cated above,  but  it  would  avoid  a  very  considerable  amount  of  idle 
spare  plant  which  is  now  practically  unavoidable  with  the  ordinary 
systems  of  cabling. 

If,  to  take  a  simple  case,  a  uniform  cable  running  from  an  exchange 
A  to  points  B  and  C  be  tapped  at  B  to  serve  subscribers,  the  wires  con- 
cerned in  the  section  B  C  are  thrown  idle.  Engineers  make  a  mental 
reservation,  and  sometimes  provide  the  necessary  ducts  between  A  and 
B,  for  the  provision  of  a  new  cable  when  required,  for  additional  cir- 
cuits to  be  distributed  at  B,  or  to  bring  into  use  the  wires  available  in 
the  form  of  idle  spares  in  the  B  C  section.  As  a  matter  of  fact,  many 
years  often  elapse  before  the  additional  cable  in  the  A  B  section  can  be 
justified,  and  there  necessarily  must  be  occasions  where  it  is  never 
required.  The  spare  plant  above  referred  to  is  then  useless.  In 
quadruple  pair  and  multiple  twin  cables  every  pound  of  wire  in  the 
B  C  section  could  be  utilised,  with  the  great  advantage  that  a  higher 
average  conductivity  would  be  provided  for  the  circuits  of  greatest 
length.  The  same  line  of  argument  applies  if  the  number  of  wires  in 
the  A  B  cable  exceeds  the  number  in  the  B  C  length  and  to  cables  for 
junction  lines. 

The  proposed  arrangement  is  not  difficult  to  carry  out,  because 
the  colour  code  adopted  in  the  cable  for  indicating  the  vaiiation  of 
lay  in  each  quadruple  pair  core  renders  it  easy  for  a  jointer  to  bunch 
the  two  wires  of  any  desired  pair  in  B  C  section  and  join  them  to  the 
conductors  of  unit  weight,  as  may  be  found  necessary  in  the  A  B 
section  above  referred  to. 
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Thus  a  rule  may  be  adopted  that  the  red  and  white  pairs  of  each 
quad  be  first  appropriated  for  subscribers,  the  white  wire  of  the  blue 
pair  on  the  exchange  side  being  connected  to  the  white  pair  bunched 
in  the  forward  section  and  the  red  wire  of  the  same  pair  being 
connected  to  the  red  pair  bunched  in  the  forward  section. 

The  white  wire  of  the  green  pair  on  the  exchange  side  would 
then  be  jointed  to  the  green  pair  bunched  in  the  forward  section, 
and  the  red  wire  of  the  green  pair  to  the  blue  pair  bunched.  The 
adoption  of  such  a  colour  code  would  render  mistakes  almost 
impossible. 

There  is  one  other  method  of  increasing  the  efficiency  of  the  line, 
and  securing  approximate  equality  of  treatment  in  connection  with  a 
telephonic  network,  viz.,  the  economy  of  tilling  the  pipe  or  duct,  within 
certain  limits,  without  regard  to  the  number  of  conductors. 

It  should,  I  think,  be  regarded  as  an  axiom  of  telephone  engineer- 
ing that,  a  given  duct  space  having  been  provided  at  a  heavy  cost,  a 
main  cable  should  as  nearly  as  possible  fill  it,  and  a  low  mutual 
capacity  be  secured  where  the  wires  in  the  outer  zone  are  few.  Thus, 
if  circumstances  should  demand  that  a  a^-inch  cable  should  only  have 
a  hundred  conductors,  these  wires  should  not  only  be  heavier  if  neces- 
sary than  those  near  the  exchange,  but  widely  separated,  so  as  to 
have  a  low  capacity.  It  is  conceivable  that  by  this  means  a  subscriber 
at  a  dbtance  of  more  than  two  miles  from  the  exchange  may  be  able  to 
speak  over  a  long  trans-continental  trunk  circuit  with  the  same  efficiency 
as  one  situated  only  a  quarter  of  a  mile  from  the  exchange. 

It  is  interesting  to  note  the  facility  which  exists  in  the  quadruple 
pair  cores  for  providing  in  cables  primarily  intended  for  trunk  line 
purposes  a  large  number  of  wires  for  junctions  and  subscribers'  lines 
without  detriment  to  the  chief  purposes,  as  all  the  helical  interstices  of 
the  cores  can  be  utilised  for  smaller  conductors  without  increasing  the 
capacity  of  the  bunched  pairs  of  the  quadruple  core. 

It  will  perhaps  be  well  to  emphasise  the  fact  that  notwithstanding 
the  great  success  which  has  been  obtained  by  the  use  of  telephone 
cables,  even  for  considerable  distances,  it  by  no  means  follows  that 
aerial  lines  cease  to  be  necessary.  Not  only  are  aerial  lines  a  vital 
necessity  if  long-distance  telephonic  commimication  is  to  be  secured, 
but  the  enormous  growth  of  this  long-distance  traffic  makes  it  difficult 
to  find  room  on  the  highways  for  all  the  wires  required  for  that  purpose. 
Moreover,  the  short-distance  trunk  circuits,  largely  placed  in  the  under- 
ground cables,  are  not  suitable  for  long-distance  communication.  As 
an  illustration,  although  the  great  bulk  of  the  traffic  between  towns 
such  as  Newcastle  and  North  Shields,  South  Shields,  and  Sunderland 
respectively,  is  purely  local,  it  is  necessary  between  these  points  to 
maintain  open  routes  in  order  that  the  towns  mentioned  may  not  be 
shut  out  from  long-distance  communication. 

Taking  the  case  of  South  Shields,  although  the  cable  designed  for 
that  route  is  exceptionally  efficient  for  so  short  a  distance,  as  com* 
pared  with  a  6oo-lb.  backbone  tnmk  circuit  on  poles,  its  use  would 
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result  in  a  person  at  Shields  speaking  via  Newcastle  to,  say,  London  or 
Liverpool  being  as  far  distant  from  Newcastle  electrically  as  a  speaker 
in  Dundee,  ii  miles  of  cable  being  equivalent  to  150  miles  of  open 
line. 

I  am  afraid  I  have  allowed  very  little  time  for  considering  the 
method  of  utilising  these  cables  for  telegraphic  purposes,  but  Sir  John 
Gavey,  in  his  Presidential  Address,  gave  some  particulars  of  the  results 
likely  to  be  obtained,  and  since  realised,  between  London  and 
Glasgow. 

The  method  referred  to  of  working  a  telegraph  circuit  in  a  loop, 
and  superimposing  thereon  an  earth  circuit  is  illustrated  in  Fig.  14. 
and  it  only  remains  to  be  stated  that  Hughes  instruments  have  been 
very  successfully  employed  between  London  and  Glasgow,  without  a 
repeater,  both  by  means  of  the  superimposed  circuit  indicated  in  the 
diagram  and  also  by  the  use  of  screened  conductors.    These  screened 
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Fig.  14. 


conductors  have  also  been  used  for  long-distance  undulator  circuits 
without  a  repeater. 

A  striking  illustration  of  the  efi&ciency  of  screened  conductors  is  the 
20o-lb.  wire  used  in  the  West  of  England  underground,  particulars  of 
which  are  given  in  Table  IV.  It  is  probable  that  before  the  end  of  the 
next  financial  year  conductors  of  this  type  will  be  available  between 
London  and  Land's  End,  the  landing-point  of  various  Atlantic  and  other 
cables.  The  length  of  this  circuit  will  be  about  310  miles,  and  it  is 
interesting  to  note  how  it  compares  with  an  Atlantic  telegraph  cable, 
and  what  results  would  follow  the  extension  of  an  Atlantic  cable  by 
means  of  it,  if  such  an  arrangement  be  possible,  in  order  that  direct 
communication  might  be  accomplished  between  London  and  the 
American  stations,  without  retransmission  at  the  cable  stations.  The 
length  of  cable  from  this  point  to  Nova  Scotia  is  2,531  knots.  Assuming 
that  I  mile  of  the  screened  conductor  cable  equals  i  mile  of  sub- 
marine, the  200-lb.  screened  conductor  between  this  point  and  London 
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would  represent  about  310  miles  of  the  Atlantic  cable,  increasing  its 
length  to  3,800  knots. 

In  the  same  way  the  cables  landing  on  the  West  Coast  of  Ireland 
could  be  extended  to  London  if  a  screened  conductor  cable  were  pro- 
vided across  Ireland,  South  Wales,  and  the  Bristol  Channel,  to  replace 
the  open  wires  at  present  used  for  the  Transatlantic  traffic  by  this  route 
in  conjunction  with  a  submarine  cable — 57  nautical  miles  in  length 
across  the  St.  George's  Channel.  If  a  cable  of  Atlantic  type  replaced 
this  it  would  increase  the  length  of  Atlantic  cable  landed  at  Valcntia 
from  1,8471  nautical  miles  to  1,904,  and  the  screened  conductor  cable  in 
England,  Wales,  and  Ireland  would  be  about  480  miles  in  length,  thus 
making  the  circuit  equivalent  to  2,321  knots  of  Atlantic  cable. 

The  fact  that  i  mile  of  the  200-lb.  screened  conductor  in  question  is 
roughly  equivalent  to  i  mile  of  Atlantic  submarine  cable — although  the 
conductivity  of  the  latter  is  al)Out  2)  times  that  of  the  former — is  due  to 
the  capacity  of  the  Atlantic  cable  being  0*42  microfarads  per  knot  (0*364 
per  mile)  compared  with  0*133  per  mile  for  the  screened  conductor. 

It,  of  course,  remains  to  be  seen  if  the  screening  which  is  effective 
for  ordinary  telegraphy  would  be  adequate  if  the  conductors  were  joined 
to  long  submarine  cable  wires,  but  whether  underground  cable  wires  be 
stranded  in  pairs  for  use  interchangeable  for  telegraphic  or  telephonic 
purposes,  or  provided  with  a  screening  tape  for  the  prevention  of 
inductive  interference,  they  are  a  complete  success  for  inland  tele- 
graphic purposes. 


Discussion. 

Mr.  A.  L.  E.  Drummond  :  I  must  congratulate  Mr.  Trcmain  on  his  Mr. 
paper,  but  I  think  that  as  the  cables  referred  to  are  mainly  long-distance 
ones,  the  title  would  have  been  better  had  the  word  "trunk ''  been  in- 
serted t)efore  the  word  telephone.  I  am  somewhat  surprised  to  note  the 
extent  to  which  Mr.  Tremain  deals  with  the  question  of  superimposed 
working.  Evidently  he  expects  better  results  from  underground  cables 
than  has  been  experienced  with  overhead  lines.  In  this,  of  course, 
he  is  quite  right,  but  he  appears  to  be  somewhat  overloading  the  circuits 
with  translators  which  must  increase  their  liability  to  faults.  With  regard 
to  the  ideal  condition  referred  to  on  page  717  of  the  paper,  I  consider 
that  the  tendency  is  now  more  towards  decentralisation  rather  than  cen- 
tralisation, as  was  the  case  a  few  years  ago,  and  think  that,  instead  of 
putting  in  tapered  conductors^  it  would  be  more  practical  to  make 
a  careful  study  of  the  district  to  be  served,  and  plan  out  the  cable 
scheme  accordingly.  I  should  anticipate  some  trouble  with  jointers  if 
they  had  to  follow  the  methods  suggested,  and  this  would  more  especi- 
ally apply  to  the  multiple  core  cables.  With  regard  to  these  latter,  I 
should  bic  glad  to  go  further  into  the  question  with  the  author,  as  the 
results  of  tests  taken  do  not  support  the  claims  put  forward  by  the 
designer. 
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I  should  like  to  know  if  the  author  has  had  any  trouble  owing  to  th< 
use  of  coloured  papers,  as  I  remember  some  years  ago  a  statement  to  the 
effect  that  there  was  a  risk  in  using  dyed  paper  owing  to  its  possiWe 
corrosive  action  on  the  conductors. 

Dr.  W.  M.  Thorxton  :  There  are  three  electrical  effects  in  a  tele- 
phone cable :  First,  capacity,  which  retards  messages  by  means  o: 
surface  dissipations  ;  secondly,  inductive  effect,  which  is  to  some  eirtent 
an  advantage  in  a  telephone  cable  ;  and  thirdly,  resistance,  which  is  id 
absorber  of  energy.  With  regard  to  the  testing  mentioned  on  page  724. 
if  the  megohms  were  down  to  5,000  there  ipust  necessarily  be  wate- 
present  which  would  affect  the  capacity.  I  should  like  to  know  if 
better  speech  is  obtained  on  a  superimposed  circuit. 

The  enormous  costs  mentioned  by  Mr.  Tremain  are  somewlu: 
startling. 

Mr.  T.  B.  Johnson:  It  is  true  that  lead-covered  cable  has  had 
great  influence  on  modern  telephone  progress.  The  limits  of  speech 
with  the  use  of  india-rubber  and  guttapercha-covered  cables  are  easily 
reached,  and  Mr.  Tremain  has  had  much  to  do  with  the  development 
of  the  lead- covered  cable.  It  is  not  always  possible  entirely  to  foresee 
the  extent  of  service,  so  that  in  some  cases  it  is  a  wise  course  to  provide 
many  small  wires  and  bunch  a  certain  number  to  supply  subschbcrb 
living  far  away  from  an  exchange.  For  this  purpose  multiple  twin  and 
quadruple  cables  are  useful.  As  a  matter  of  fact  this  course  is  at  the 
present  day  in  common  use,  two  20-lb.  wires  being,  for  example, 
bunched  to  make  a  40-lb.  wire.  I  think  Mr.  Tremain  is  too  sangmne 
with  regard  to  superimposing,  not  so  much  with  regard  to  under- 
ground cables,  but  chiefly  in  cases  where  aerial  wires  are  joined  in 
circuit.  Owing  to  faults  it  is  impossible  to  maintain  these  so  well  as 
to  shut  out  slight  disturbances,  which,  although  almost  negligible  in 
ordinary  practice,  would  be  noticed  in  telephones  where  the  sp>eakiDg 
efficiency  is  near  the  point  of  exhaustion.  I  should  like  to  know  what 
Mr.  Tremain  thinks  of  the  idea  of  fixing  copper  tapes  on  alternate 
conductors  only,  instead  of  on  every  conductor.  Intermediate  con- 
ductors would  be  screened  sufficiently  by  the  presence  of  the  copper 
sheath  round  neighbouring  conductors,  and  much  expense  would  be 
saved.  It  might  be  advisable  to  sheath  all  the  single  conductors  in  the 
inner  layer  which  serves  the  most  important  circuits,  but  is  the  cost  of 
screening  all  the  outer  conductors  justifiable  ?  Has  it  been  found  that 
tinfoil  was  unsuitable  for  screening  material  ?  Its  cost  would  be  much 
less  than  copper,  but  possibly  there  may  be  mechanical  difficulties  in 
the  way. 

Mr.  T.  W.  Gaskins  :  Mr.  Tremain  gives  the  impression  on  page  716 
that  606-pair  cable  is  the  largest  used,  but  in  Glasgow,  Liverpool, 
etc.,  there  is  cable  of  800  pairs  in  use.  I  suppose  as  formerly 
capacity  tests  are  made  at  the  same  time  as  insulation  and  conduc- 
tivity tests. 

Mr.  W.  W.  Cook  {communicated) :  Now  that  reliable  measurements 
of  the   transmission   efficiency  of   circuits  are   so  easily  made   it  is 
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somewhat    remarkable    that  claims  for    increased  efficiency    should   Mr.  Cooic. 
be    put    forward    and   discussed    without    reference    to   any  actual 
tests.' 

I  do  not  know,  and  it  would  be  of  much  interest  if  the  author  would 
tell  us,  to  what  extent  multiple  twin  cables  have  been  employed  in 
practice  by  the  Post  Office,  and  what  results  have  been  obtained  by 
bunching  the  conductors.  Some  tests  on  a  table  of  this  type  were 
made  by  the  National  Telephone  Company,  and  showed  conclusively 
that  circuits  made  up  of  two  pairs  of  lo-lb.  conductors  gave  results 
only  28  per  cent,  better  than  the  single  pair,  while  any  further 
bunching  efifected  no  improvement  whatever.  Had  the  same  weight 
of  copper  been  used  as  a  solid  conductor  a  gain  of  40  (>er  cent, 
would    have    been    attained.     Fig.  A    shows  the    increased    talking 
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efficiency  gained  by  adding  to  the  weight  of  the  conductor  in  the 
ordinary  manner  as  against  adding  to  the  weight  by  bunching 
conductors  of  uniform  weight  in  this  multiple  twin  cable. 

If  these  tests  are  representative,  and  until  the  results  of  further 
tests  on  similar  lines  are  given  they  must  be  so  regarded,  the  claims 
for  multiple  twin  cables  must  be  restricted  to  the  slight  improvement 
gained  by  bunching  two  pairs,  and  even  then  it  remains  to  be  demon- 
strated that  such  a  proceeding  is  economically  justifiable.  It  must  be 
borne  in  mind  in  this  connection  that  for  subscribers'  lines  on  a  central 
battery  system  the  bunching  of  the  conductors  in  an  ordinary  cable 
gives  just  as  good  results  as  a  multiple  twin  cable  would  do  when 
the  resistance  of  the  loop  does  not  exceed  300  ohms,  as  under  these 
conditions  it  is  only  a  question  of  resistance. 

I  believe  that  the  advocates  of  the  K  R  law  have  now  abandoned 
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Mr.  Cook.  it  SO  far  as  aerial  conductors  are  concerned,  but  it  is  apparently  stiil 
not  realised  that  even  for  cables  it  is  only  an  empirical  formula,  the  n>0: 
of  which  must  be  confined  to  circuits  with  constants  of  ordinary  dimec- 
sions.  A  simple  experiment  demonstrating  this  can  be  easily  carried 
out  by  bunching  the  conductors  of  an  ordinary  telephone  cable.  The 
KR  remains  constant  for  different  numbers  of  conductors,  but  the 
transmission  equivalent  is  very  different 

There  are  many  other  points  in  the  paper  which  might  have  been 
discussed  with  advantage,  but  its  main  object  seems  to  l>e  the  advocacy 
of  the  multiple  twin  cable,  and  only  harm  can  result  if  the  claims  for 
this  type  of  cable  are  put  too  high. 

Mr.  Martin.  Mr.  A.  W.  Martin  (communicated) :   It  is  quite  well  known  that  tbc 

efficiency  obtained  by  bunching  conductors  to  form  circuits  of  lov^ 
resistance  than  that  of  a  simple  pair  is  not  so  great  as  would  be 
obtained  from  solid  conductors  of  the  same  total  weight  occop>i2J 
the  same  or  rather  less  space.  It  is  also  true  that  for  common  battery 
exchange  subscribers'  lines,  where  the  loop  resistance  does  not  exceed 
300  ohms,  the  bunching  of  ordinary  simple  pairs  produces  as  good  a 
result  as  bunched  multiple  twin  or  quadruple  pairs,  but  for  appreciably 
longer  lines  the  latter  formation  is  the  better.  It  should  be  borne 
in  mind  that  when  a  cable  is  laid  between  two  towns  it  is  not  alway> 
possible  to  foresee  all  that  will  be  required  of  it,  and  there  is  certainly 
an  advantage  in  having  a  cable,  the  conductors  of  which  are  arranged 
so  as  to  be  capable  of  bunching  should  the  necessity  arise,  but  it  is  not 
generally  economical  to  twin  more  than  two  pairs  together  to  form 
one  group. 

I  should  like  to  emphasise,  however,  that  multiple  twin  cable  wad 
not  primarily  designed  for  bunching  but  for  superimposed  circuit 
working,  and  a  little  consideration  will  make  it  clear  that  multiple  twin 
or  quad-pair  formation  is  essential  in  order  that  the  plus  circuits  may 
be  free  from  interference.  The  possibility  of  bunching  is  distinctly 
useful,  but  is  of  secondary  interest. 

Mr.^  Mr.  Tremaix  {in  reply) :  As  to  the  question  of  using  aerial  Unes  as 

superimposed  circuits  Mr.  Johnsons  doubts  are  justified,  and,  as  a 
matter  of  fact,  branch  extensions  are  better  carried  underground.  As 
regards  underground  cable,  however,  there  is  no  trouble  to  fear.  It  i^ 
always  fine  weather  in  cables.  In  my  experience  with  such  cables 
I  can  say  that  not  a  fault  has  occurred  in  two  years.  It  is  necessary 
to  pump  air  very  rarely  indeed.  Once  lead  cables  are  laid  they  are 
practically  sound.  Only  in  such  districts  as  Nantwich,  where  sul> 
sidence  is  likely  to  occur,  is  there  any  cause  for  anxiety.  I  agree  it 
is  not  worth  while  superimposing  on  small  local  circuits.  The  point 
as  to  the  principle  of  decentralisation  is  one  I  am  not  going  to  attempt 
to  settle  now.  But  if  a  cable  is  provided  capable  of  giving  satisfactor> 
service  to  the  person  furthest  from  the  exchange  over  the  longest 
distance  (say  2  miles),  then  obviously  too  much  copper  is  used  in 
uniform  conductors  for  persons  nearest  the  exchange  who  may  be 
within  a  few  hundred  yards.    A  cable  may  easily  require  5  to  6  tons  ot 


Tremain. 
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copper  per  mile.  In  one  system  I  came  across  300  tons  of  copper  lying  Mr. 
spare  which  might  have  been  used  to  advantage  by  bunching  the  con- 
ductors. I  think  that  the  junction  systems  are  most  complicated,  and 
I  consider  that  it  is  still  debatable  whether  central  systems  having 
10,000  or  15,000  subscribers  are  not  the  thing.  Dr.  Thornton's  idea 
regarding  the  influence  of  the  sheath  on  the  capacity  of  diagonal  con- 
ductors is  new  and  acceptable  to  me.  I  have  always  put  it  down  to 
cascade  effect  due  to  intervening  conductors.  I  think  that  the  big 
drop  in  insulation  of  paper  cables  if  the  slightest  trace  of  moisture  is 
present  may  be  due  to  the  fact  that  continual  heating  makes  the  paper 
more  dense,  thus  reducing  the  intercellular  air  space.  A  point  with 
regard  to  aerial  wires  coming  down  is  that  even  if  these  arc  earthed 
there  is  no  effect  on  other  circuits  in  the  superimposed  system,  as  the 
earth  virtually  exists  at  the  central  point  of  two  arms  of  a  Wheatstone 
bridge  which  balance  each  other.  With  reference  to  screening,  where 
there  are  two  layers  the  screening  of  alternate  conductors  in  the  outer 
layer  would  probably  be  satisfactory,  though  it  has  not,  so  far  as  I  am 
aware,  been  tried  at  present.  Tinfoil  is  not  strong  enough  mechanically, 
nor  has  it  a  sufficiently  high  conductivity  to  fritter  down  eddy  currents. 
Copper  tape  can  t>e  made  very  thin  by  rolling,  and  can  be  manipulated 
in  a  rapidly  revolving  covering  machine.  Aluminium  and  also  iron  are 
now  t>eiog  used  experimentally  for  this  purpose,  with  what  results  I  do 
not  know.  Mr.  Gaskins  is  correct  in  saying  that  the  largest  telephone 
cable  had  1,616  wires. 

Communicated :  The  claims  for  increased  transmission  efficiency  in 
the  case  of  the  quad-pair  type  were  based  on  actual  results  obtained 
on  long  trunk  cables.  The  tests  were,  however,  made  some  years 
since,  before  the  present  methods  of  comparison  were  available. 

Unfortunately,  I  have  had  no  personal  experience  of  the  working  of 
multiple  twin  cables,  but  Mr.  A.  W.  Martin,  to  whom  that  design  is,  I 
believe,  due,  has  furnished  a  communication  on  the  subject.  A  special 
feature  of  the  quadruple  form  is  that  the  wire-to-wire  capacity  of  a  pair 
formed  by  the  diagonal  pairs  bunched  is  never  materially  higher,  and 
may  be  made  actually  lower,  than  the  wire-to- wire  capacity  of  the 
unit  pair,  and  the  increased  transmission  efficiency  is  therefore  very 
appreciable.  This  has  been  proved  on  cable  circuits  from  50  to  100 
miles  in  length  with  aerial  line  extensions  exceeding  200  miles  in  length. 

Taking  into  account  the  transformer  losses  when  the  unit  wires  are 
bunched  through  a  transformer,  the  plus  or  metallic  circuit  would  be 
about  2\  times  as  efficient  as  the  transformer  circuit,  that  is,  if  the 
transformer  circuit  were  efficient  for  a  30-miie,  line  the  plus  or  metallic 
circuit  would  be  equally  efficient  for  75  miles. 

It  is,  of  course,  well  known  that  the  K  R  law  does  not  hold  good  for 
circuits  of  dissimilar  character,  but  a  consideration  of  the  K  R  of  a 
circuit,  when  its  self-induction  is  not  lost  sight  of,  is  very  useful  when 
discussing  in  general  terms  the  efficiency  of  various  circuits. 

It  is  obvious  that  unless  the  condition  named  above  for  obtaining  a 
practically  identical  capacity  for  a  double  conductivity  b  secured,  no 
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Mr.  advantage  can  accrue  from  the  bunching  of  wires  in  a  telephone  cal^e. 

Tremain,  j^  T^hlc  IIL  it  will  be  observed  that  whilst  the  wire-to-wire  capacity 
of  200-lb.  pairs  measures  o'0456  microfarads  per  mile,  the  same 
conductors  bunched  to  form  a  diagonal  pair  in  a  quadruple  core 
measures  only  0*05,  and  that  similar  pairs  of  worming  wires  when 
bunched  to  form  a  400-loop  across  the  cable  measures  only  0*04 
microfarads  per  mile.  There  can  be  no  question  as  to  the  great 
electrical  advantage  obtained  under  such  conditions. 
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THE    MANAGEMENT    OF    ENGINEERING    WORK- 

SHOPS. 

By  Eustace  Thomas,  B.Sc. 

{Paf>cr  received  from  the  Manchester  Local  Section,  Af a rcA  25,  ami  read  at 
Manchester,  Affril  14,  1908.) 

The  subject  of  this  paper  was  chosen  as  a£fording  a  valuable 
incentive  to  the  study  of  modern  methods  in  practice,  and  not  merely 
as  proposed  on  paper. 

By  the  courtesy  of  a  number  of  gentlemen — to  whom  the  author's 
grateful  acknowledgments  are  due — visits  were  paid  to  works  engaged 
in  widely  different  manufactures,  and  the  details  of  organisation  and 
of  the  "  paper  "  used  were  gone  into  at  great  length.  The  results  of 
the  author's  impressions  are  presented  after  much  thought  with  the 
desire  that  they  may  provoke  useful  discussion  and  interchange  of 
ideas,  on  a  subject  which  is  yet  far  from  its  full  development. 

Variety  of  Systems  of  ** Paper,*'— The  amount  of  "paper"  necessary 
for  handing  on  instructions  and  keeping  records  and  costs  varies^ 
greatly,  being  very  large  in  some  works  and  quite  small  in  others. 
There  seems  to  be  no  generally  adopted  system  and  the  same  result 
is  often  achieved  in  quite  di£ferent  ways.  It  is  impossible  in  a  paper 
of  this  character  to  compare  these  systems  in  detail,  and  it  is  proposed 
rather  to  deal  with  the  general  principles  and  common  objects  of 
such  systems. 

General  Shops  and  Specialised  Shops. — Most  of  the  shops  visited,  which 
had  an  efRctcnt  modern  organisation,  were  specialised  shops  where  the 
work  was  almost  wholly  standard,  and  non-standard  work  was  dis- 
couraged. Such  shops  often  reach  a  wonderful  degree  of  efficiency 
and  simplicity.  The  organisation  of  a  general  shop,  where  changes 
are  frequent  and  much  material  is  built  to  special  order,  is  immensely 
more  difficult ;  and  efficiency  is  frequently  much  less.  While  this 
fact  is  usually  recognised,  such  general  shops  exist  in  large  numbers. 
As  people  really  come  to  realise  the  di£ference  at  its  full  value,  such 
general  shops  must  diminish  in  number.  And  if  it  is  possible  to  run  such 
a  shop  efficiently  it  should  be  easily  possible  to  run  a  specialised  one  ; 
hence,  much  of  what  follows  will  be  stated  with  the  general  shop  in  mind. 

In  one  of  the  works  visited,  there  were  two  quite  separate  establish- 
ments, in  one  of  which  meters  were  manufactured,  and  in  the  other 
switchgear.     The  one  was  specialised,  the  other  generaL    The  sim 
plicity  of  the  one  when  compared  with  the  other  brought  the  matter 
borne  to  the  author's  mind  in  the  most  convincing  manner. 
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To  give  these  impressions  some  pretence  of  an  orderly  arrangement 
the  author  has  grouped  them  under  the  following  heads : — 

I. — Separation  of  head  work  and  manual  work  and  develop- 
ment of  routine. 
II. — Handling  and  distribution  of  material.    Waste. 
III. — Labour  efficiency.     Day,  Piece,  and  Premium  s>'stems. 
IV.— Cutting  and  non-cutting  time. 
V. — Execution  of  work  to  time. 


I.— Separation  of  Head  Work  and  Manual  Work. 

The  general  principle  is  that  the  manual  worker  should  not  have 
any  avoidable  head  work  to  do. 

It  is  generally  agreed  that  the  workman  in  every  case  should  have  a 
drawing,  or  even  a  sketch,  to  work  to,  fully  dimensioned  ;  that  is,  that 
the  workman  should  have  only  manual  work,  and  all  head  work  should 
be  done  by  the  draughtsman  or  designer. 

List  of  Material. — On  the  same  principle  a  complete  list  of  material 
should  be  prepared  in  the  office,  containing  every  single  detail 
that  may  be  required.  The  application  of  the  rule  is  frequently 
carried  out  imperfectly.  In  one  works  every  part  of  the  gear  was 
detailed  in  a  printed  specification  with  catalogue  numbers,  except 
the  bolts,  nuts,  split  pins,  and  other  small  store  parts  used  in  erection. 
Incidentally  —erection  was  Day,  and  manufacture  Premium  work. 

In  hundreds  of  works  the  material  is  still  requisitioned  from  the 
drawing  by  the  foreman  or  the  workman  without  a  list.  In  every 
case  where  the  list  is  not  prepared  beforehand  or  is  incomplete,  the 
workman  becomes  a  liead  worker,  and  he  is  usually  a  very  inefficient 
and  expensive  one.  Moreover,  a  list  must  be  got  out  by  some  one,  and 
if  this  is  done  in  the  works  it  will  have  to  be  thought  out  and  written 
out  every  single  time  that  the  job  repeats  itself.  The  certain  result  is 
preventable  expense  and  loss  of  time.  The  list  should  be  prepared 
in  the  office  even  if  only  one  article  is  to  be  made,  but  in  such 
form  that  it  may  be  readily  available  for  any  future  work. 

List  of  operations.— A  still  further  application  which  is  only  seldom 
made,  and  only  in  the  most  advanced  shops,  is  that  there  should  be 
provided  also  a  list  of  operations  in  every  case  where  a  new  workman 
might  possibly  be  in  doubt.  This  applies  particularly  in  some  classes 
of  switch  work.  Otherwise  the  foreman  must  give  these  instructions 
every  time  the  work  is  given  out,  which  implies  preventable  waste  of 
time.  He  may  forget  or  the  man  may  do  so,  and  that  means  imperfect 
work  or  waste  of  work  and  material. 

If  the  job  is  given  to  a  new  man,  the  advantage  is  particularly 
great ;  but  even  if  the  same  man  gets  the  job  his  memory  is  not  to  be 
trusted.  This  is  particularly  the  case  where  less  skilled,  or  boy^'  labour 
is  used. 

List  of  Tools,  'Jigs,  etc. — There  are  the  same  arguments  for  this  list 
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as  for  the  last.  It  saves  head  work,  defects  of  memory,  and  conse- 
quently ftrcai  waste  of  time,  and  makes  it  easy  for  the  foreman  to  have 
the  tools  collected  iii  advance  by  the  labourer  who  collects  material, 
and  deposited  ready  on  the  man's  bench  or  machine  before  he  requires 
them. 

Duties  of  Foremen. — The  same  principle  deserves  the  most  careful 
consideration  in  defining  the  duties  of  foremen.  These  may  come 
under  two  heads  : — 

A.  Clerical  or  Administrative. — Such  as  giving  out  work,  seeing 

that  there  is  no  delay  caused  by  waiting  for  material ;  watch- 
ing the  efficiency  of  the  workmen,  planning  to  get  work 
executed  to  time,  etc.,  etc. 

B.  Technical. — Methods,  tools,  and  jigs,  for  executing  work,  for 

overcoming  difficulties,  for  reducing  cost  of  production,  etc. 

Probably  in  most  existing  shops,  these  two  functions  are  combined, 
a  foreman's  clerk  being  often  provided  to  assist  function  (A),  and  tool 
fitters  to  assist  (B). 

In  some  highly  organised  modern  shops  visited,  the  foreman  was 
chiefly  occupied  with  function  (B),  but  the  conditions  were  usually 
rather  special. 

The  most  modern  tendency  seems  to  be  to  give  the  foreman  function 
(A)  to  carry  out.  In  regard  to  (B)  he  must  be  technical  enough  to 
know  if  matters  are  not  going  rightly,  and  in  such  case  set  an  expert 
tool  fitter  to  study  them  out  and  do  what  is  required. 

This  seems  to  the  author  essentially  the  right  system,  especially  when 
Day  work  is  going  on.  The  shop  will  not  work  efficiently  unless  each 
man  feels  that  the  foreman  is  always  about  and  vigilant,  and  this  is 
impossible  if  he  attempts  to  study  out  technical  points.  Equally  he 
cannot  possibly  worry  out  technical  matters  efficiently  if  he  is  subject 
to  constant  interruption  through  his  duties  under  function  (A),  and  it 
is  belter  to  put  on  a  man  who  can  give  the  work  undivided  attention. 

Human  Element. — It  is  of  essential  importance  to  recognise  that  all 
employes  are  only  human, and  therefore  liable  to  slack,  liable  to  forget, 
and  liable  to  neglect  or  to  alter  certain  of  their  duties,  unless  these  are 
defined  and  a  check  frequently  taken. 

In  one  works  the  responsible  organiser  stated  that  he  had  to  be 
constantly  on  the  look-out  to  see  that  routine  duties  were  not  neglected, 
and  to  nip  in  the  bud  numerous  '*  improvements  "  on  the  system  by 
individuals,  which  would  render  it  unreliable.  In  another  case  one  of 
these  '*  improvements  "  was  discovered  while  the  author  was  walking 
round  to  examine  the  working  of  the  details  of  the  system. 

Routine  and  Red  Tape— The  best  way  to  minimise  these  difficulties 
is  to  have  a  sufficient  amount  of  red  tape  or  routine,  and  to  have  the 
routine  for  each  man  written  out.  A  sufficient  amount  of  red  tape  is 
really  essential,  and  also  cheap,  for  it  assumes  that  the  work  follows  a 
well-worn  and  accustomed  track.     And,  on  the  other  hand,  it  is  to  be 
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remembered  that  discretion  allows  indiscretion,  and  the  latter  is  costly 
out  of  all  proportion. 

Routine  Books. — A  routine  is  useless  unless  kept  up  by  constant 
supervision.    It  is  here  that  systems  most  frequently  work  badly. 

The  best  way  of  preventing  this  that  the  author  knows  of  is  to  haTc 
a  routine  book  for  each  man  who  has  routine  duties.  This  to  have 
columns  ruled  off  for  days  or  weeks.  Each  day  or  each  week  a  tick  or 
a  date  is  put  in  the  appropriate  column  to  signify  that  that  duty  ha:* 
been  attended  to,  or  to  show  the  date  to  which  that  duty  has  been 
brought  up. 

All  these  routine  books  go  to  the  manager  at  a  stated  hour  each 
week,  and  he  can  glance  through  a  large  number  in  a  very  short  time. 

Weekly  Inspection. — In  the  same  way  each  week  at  a  fixed  hour  the 
manager  should  walk  round  the  works,  and  all  books  used  should  be 
laid  out  in  readiness.  A  glance  at  the  latest  pages  will  show  if  these 
are  being  entered,  posted,  etc.,  as  intended,  or  if  an  "  improvement  * 
is  being  made.  The  packing  case  records,  as  an  example,  often  repay 
this  trouble.  At  the  same  time  any  difficulties  can  be  brought  up  for 
solution. 

In  this  way  the  manager  has  his  own  routine,  and  should  observe  it 
as  rigidly  as  he  requires  his  subordinates  to  observe  theirs. 

Summaries  and  Abstracts, — In  some  of  the  works  visited,  all  sorts  of 
summaries  and  abstracts  were  prepared,  which,  if  periodically  inspected 
and  acted  on,  would  probably  be  more  than  worth  their  cost.  In  some 
cases,  however,  they  certainly  were  not  regularly  examined.  In  such 
cases  they  are  worse  than  useless,  for  they  cost  money  needlessly,  and 
they  convict  the  management  of  slackness  which  will  certainly  be 
reflected  through  the  works. 

If  used,  it  is  worth  while  to  have  quite  a  number  of  these  sununaries, 
as  long  as  their  collection  is  made  a  mere  mechanical  matter  not  requir- 
ing skill  or  any  but  cheap  labour. 

The  general  principle  is  always  to  diminish  head  work,  eliminate 
memory,  and  leave  no  excuse  for  forgetfulness  or  omissions,  but  all  the 
time  to  make  it  easy  to  detect  defects  just  as  soon  as  they  arise. 

Application  to  Clerks*  Work, — In  one  works  the  human  element  is 
recognised  in  a  curious  manner.  In  the  costing  work,  forms  have 
been  prepared  so  as  to  eliminate  writing  as  far  as  possible,  and  against 
each  space  are  set  full  instructions  for  filling  in.  Moreover,  additions 
and  subtractions  are  done  by  a  simple  slide  rule  invented  by  the 
manager.  This  makes  these  operations  merely  mechanical,  and  the 
feeling  of  tiredness  that  is  liable  to  set  in  near  the  end  of  the  morning 
or  afternoon  is  not  expected  to  have  so  detrimental  an  efifect  ai 
usual. 

Inspection  of  Costs, — It  is  of  little  use  recording  comparative  costs  if 
they  are  not  looked  at.  Where  kept  on  cards,  it  is  easy  to  place  all 
cards  on  which  entries  have  been  made  in  a  separate  drawer  each  day. 
The  manager  can  then  inspect  these  quickly  each  day  before  they  arc 
put  into  their  respective  places. 
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II.— Handling  and  Distribution  of  Material. 

Lists  of  Material. — Material  must  be  booked,  and  this  means  that 
some  one  must  write  out  a  list  of  it.  It  is  far  the  best  way  to  do  this  in 
the  office,  even  if  only  one  article  is  required,  and  to  preserve  in  this 
way  a  uniform  routine  system. 

But  the  same  list  if  prepared  with  thought  for  standard  work,  can 
serve  several  important  purposes,  plenty  of  copies  being  prepared  and 
distributed. 

A.  The  storekeeper  marks  it  for  material  in  stock  or  to  order. 

B.  The  stores  issue  goods  from  it  to  the  foreman's  auxiliary  stores 

without  further  requisition. 

C.  The  foreman  can  check  by  it  all  material  at  any  stage. 

D.  The  drawings  having  been  cut  up  into  as  many  parts  as  there 

are  pieces  or  groups  of  pieces  to  be  made,  a  copy  of  the  list 
is  also  cut  up  and  pieces  attached  to  the  divided-up  draw- 
ings for  the  workmen's  use. 

E.  On  a  further  copy,  against  each  item  is  marked  the  time  by 

which  it  must  be  completed,  in  order  that  the  whole  of  the 
work  may  go  through  to  the  date  desired. 
Each  shop  foreman  must  have  his  own  copy  marked. 

F.  A  copy  goes  to  the  cost  department.    The  work  can  be  priced 

against  this  list  in  advance  if  required,  and  actual  issues  and 
returns  can  be  checked  against  it. 

If  any  one  of  these  functions  is  omitted,  delay,  waste,  or  other 
trouble  will  follow,  and  the  importance  of  the  list  is  sufficiently  obvious. 

Arrangement  of  Lists. — Where  work  is  executed  in  different  shops,  it 
ib  of  assistance  to  subdivide  the  list  accordingly. 

Any  assembled  parts  which  may  be  u*.ed  for  other  work  arc  best 
given  separate  lists,  as  they  may  he  manufactured  for  stock. 

It  is  convenient  to  submit  the  pencil  list  to  the  foreman  and  to 
arrange  in  the  order  of  importance  of  execution.  It  is  quite  easy  to 
do  this,  and  it  saves  time  and  thought  to  the  foreman  ever  after- 
wards. 

If  several  parts  are  given  out  together  (as  is  regularly  done  in  switch 
work)  these  can  t>e grouped  together, if  this  is  attended  toon  the  pencil 
list  at  first. 

Catalogue  Numbers.— It  is  well  worth  while  to  devise  a  system  of 
catalogue  numt>ers  to  cover  all  single  pieces.  A  numerical  system  is 
very  simple.  An  examination  of  a  large  number  of  drawings  will  enable 
all  pieces  to  be  divided  up  into  a  sufficient  number  of  classes.  Thus 
capstan  rod  work  might  be  classed  as  27,  and  it  could  be  subdivided 
into  8ub-cla!!iscs  27-1,  27-2,  27-3,  and  so  forth.  These  class  numbers 
are  the  numerators,  and  serial  numbers  are  used  as  denominators. 

A  separate  card  is  made  out  for  each  piece,  and  reference  is  entered 
to  every  drawing  or  job  on  which  used. 


746  THOMAS :  THE   MANAGEMENT   OF  [April  14th, 

The  uses  are  numerous: — 

A.  This  catalogue  number  appears  on  each  drawing  and  on  each 

list  of  material  against  each  piece. 

B.  It  facilitates  comparison  of  costs. 

C.  It  facilitates  estimation  by  the  ease  of  reference  to  all  other 

pieces  at  all  like  it. 

D.  It  facilitates    standardisation    by    making    it    easy    for    any 

draughtsman  to  see  what  has  been  done  before,  and  to  use 
something  already  made  if  possible. 

E.  Patterns  are  marked  with  this  number  and  stored  in  trays  or 

spaces  marked  with  the  class  number.  This  often  saves  neifc- 
patterns  by  making  reference  easy  to  all  existing  ones. 

F.  The  stores  are  arranged  as  far  as  possible  to  follow    thii> 

classification. 

The  system  is  not  nearly  so  difficult  to  put  into  operation  as  might 
at  first  be  thought,  and  has  obvious  advantages. 

Auxiliary  Stores, — The  percentage  of  time  lost  through  waiting  for 
material  is  always  greater  than  appears  casually.  The  orderly  progress 
of  the  work  through  the  shop  may  also  be  disturbed  and  the  whole 
time  programme  disarranged. 

It  is  probably  well  worth  while  to  let  the  foreman  have  an  auxiliary 
stores  under  his  own  control,  with  plenty  of  easily  accessible  shelves. 
All  material  for  an  order  is  delivered  here  and  sorted  out  in  a  space 
prepared  for  it.  With  each  lot  is  placed  the  drawing  and  even  the  job 
ticket.  Any  partially  completed  work  is  returned  to  the  same  spot  to 
await  assembly.  Special  tools  and  jigs  can  also  be  collected  with  the 
material  and  all  given  out  together.  With  this  system  the  foreman 
can  see  at  a  glance  how  the  work  stands,  whether  he  is  short  of 
material,  etc. 

It  is  advisable  to  have  plenty  of  tins  of  suitable  sizes  to  contain 
small  screws,  parts,  etc.,  so  that  these  may  be  easily  handled  and  not 
be  mixed. 

Shop  Drawings. — These  consist  of  pieces  of  cardboard  carrying  that 
part  of  the  drawing  required  for  any  one  piece  or  group  of  pieces  given 
out  to  one  man  only  at  a  time.  On  the  same  card  is  the  list  of  material, 
cut  off  the  general  list,  the  list  of  operations,  and  the  list  of  tools, 
gauges,  jigs,  etc.  The  separate  cards  are  numbered  serially  and  usually 
kept  together.  Those  required  for  a  job  are  distributed  in  the  auxiliarv 
stores  in  the  space  allotted.  There  should  be  some  material  to  each 
card,  if  all  material  has  been  collected. 

The  above  refers,  of  course,  to  such  of  the  work  as  is  small  enough. 

Losses,  Scraps,  etc. — If  a  rigid  rule  is  made  that  small  material  shall 
always  be  returned  to  the  stores  when  any  part  of  the  work  is  com- 
pleted or  is  stopped  from  any  cause,  there  will  be  fewer  losses,  and  the 
man  concerned  may  be  made  responsible.  Incidentally  it  will  check 
the  giving  out  of  too  large  jobs  and  the  changing  from  one  job  to 
another  before  the  first  is  complete. 
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The  work  should  be  checked  at  each  stage  for  accuracy,  and 
number  of  pieces ;  and  any  scraps  should  be  dealt  with  and  recorded, 
and  orders  for  replace  parts  at  once  attended  to.  All  scraps  and  defects 
in  workmanship  should  be  entered  on  the  job  ticket  and  in  a  report 
book  which  goes  t>efore  the  management. 

In  one  works  a  weekly  return  is  made  of— 

A.  Materials  scrapped  through  fault  in  the  material. 

B.  Lshout  wasted  through  fault  in  the  material. 

C.  Labour  wasted  through  faulty  workmanship. 

D.  Material  wasted  through  faulty  workmanship. 

E.  Cost  of  putting  any  jobs  right  if  that  is  possible. 

A  slip  cut  off  a  duplicate  of  this  return  is  pasted  on  to  the  cost  card, 
and  defects  of  workmanship  are  entered  each  week  against  the  man  on 
a  special  card  giving  his  record  for  the  half-year. 

This  system  has  been  working  for  some  years,  and  it  is  considered 
that  the  saving  which  has  resulted  much  more  than  pays  the  cost  of  the 
clerical  work. 

Inspection  at  each  Static, — There  is  no  doubt  that  this  pays  for  itself 
even  in  such  work  as  switch  work.  It  is  a  sort  of  police  system,  and  if 
relaxed  trouble  is  liable  to  creep  in  at  once.  It  is  not  very  usual  or 
systematic  in  many  general  shops,  and  particularly  with  such  work  as 
switch  work. 

Too  Large  Stock  Orders. — Where  both  special  or  general  work  and 
stock  work  lire  going  on  together,  it  is  easy  to  break  off  a  stock  job. 
This  is  always  disadvantageous,  and  to  avoid  it — 

A.  Stock  jobs  should  not  be  too  large. 

B.  Work  should  be  done  on  as  few  stock  jobs  as  possible  at  one 

time,  concentrating  on  these  as  many  men  as  are  available. 

In  this  way  no  stock  job  need  last  long,  and  the  liability  to  break 
off  or  to  6nish  a  part  only  of  the  order  is  consequently  diminished. 

This  matter  needs  emphasising.  Nearly  all  foremen  have  a  natural 
inclination  to  get  a  large  number  of  orders  in  hand  at  once,  all  pro- 
gressing slowly  and  perhaps  frequently  hung  up.  If  this  is  stopped 
there  will  certainly  be  less  total  labour  used,  and  the  orders  will  all  be 
completed  in  less  time. 

III. — Laboi'R  Ekkiciencv. 

Day  Work  versus  Piece  or  Premium  Work, — If  a  number  of  shops 
are  visited  in  succession,  some  working  on  Day  work  and  some  on  Piece 
or  Premium  systems,  the  difference  impresses  itself  nio^t  stronglv. 
With  Piece  or  Premium  work  there  is  not  only  a  brisker  air  about,  but 
also  the  author  seemed  alw.iys  to  notice  a  more  cheerful  atmosphere. 
Probably  the  reason  is  that  with  either  the  Piece  or  Premium  system 
the  man  feels  that  he  is  working  for  his  own  benefit. 
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The  following  are  some  disadvantages  of  Day  work,  especially 
in  general  shops  : — 

The  men  slack  ofiF  as  soon  as  the  foreman's  vigilance   relaxes 

at  all. 
Some  men  regard  it  as  a  matter  of  principle  to  make  jobs  last 

as  long  as  possible  with  a  view  to  increasing  employment. 
The  men  are  quite  content  to  wait  for  material. 
The  handling  of  material  by  the  foreman  is  always  less  efficient. 
Costing  is  uncertain  and  unsatisfactory. 

Some  advantages  of  Premium  or  Piece  work  are  : — 

E^ch  man  has  an  interest  in  the  work. 

The  men  press  the  foreman  to  give  efi&cicnt  delivery  of  material, 

and  the  foreman  is  thus  placed  between  two  fires. 
Each  job  must  have  careful  consideration  before  being  committed 

to  a  price  or  time  which  may  be  hard  to  change. 
Each  job  makes  the  estimation  of  new  work  easier. 
The  foreman  has  more  time  to  plan  his  jobs  and  is  better  able  to 

estimate  for  and  keep  correct  promises  of  completion. 
If  the  assemblers  are  on  Piece  or  Premium  work,  they  draw 

attention  themselves  to  any  inaccurate  manufacture  of  j>arts 

coming  to  them. 

Day  Work  to  have  Time  and  Price  Estimated. — In  cases  where  Day 
work  seems  necessary,  it  should  be  insisted  on  that  a  price  and  time  arc 
estimated  for  each  job,  even  although  these  are  not  made  known  to  the 
men.  The  actual  price  and  time  must  be  compared  later  with  this 
estimate. 

The  effect  is  to  force  attention  to  all  Day-work  jobs,  and  in  some 
measure  to  bring  about  the  other  advantages  enumerated  under 
Premium  and  Piece  work. 

But  farther  than  this,  it  must  eventually  make  the  foreman  desire  to 
get  Piece  or  Premium  work  in  where  he  has  been  accustomed  to  give 
out  Day  work,  for  if  a  price  has  to  be  given  in  any  case,  it  is  easier 
for  him  if  it  is  given  to  the  man  outright,  and  the  man  is  working 
with  him  to  keep  the  time  down. 

The  simplicity,  comfort,  and  general  advantage  of  Piece  or  Premium 
work  cannot  be  sufficiently  proclaimed.  So  much  so,  that  where 
appreciated  every  manager  of  a  general  shop  will  find  means  to 
introduce  it  to  a  much  greater  extent  than  is  at  present  common. 

Premium  Work. — It  was  well  known  that  with  Piece  work  a  man 
seldom  attempts  to  earn  more  than  about  time  and  a  quarter,  for  fear 
of  getting  the  rate  cut.  This  caused  an  uneasy  feeling  in  the  employers 
that  they  were  not  getting  the  best  efficiency,  and  it  was  hoped  by  the 
introduction  of  the  Premium  system  that  this  difficulty  would  be 
got  over,  a  promise  being  made  that  the  time  allowed  should  not 
be  altered   unless  a   new  method  were  adopted.     In  fact,  the  masters 
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hoped  that  they  might  be  able  to  relax  some  of  their  vigilance,  and 
that  the  men  would  of  their  own  accord  do  their  best  in  their  joint 
interests.  Such  a  golden  vision  was  not  likely  to  be  realised.  The 
men  know  quite  well  that  if  they  make  too  much  Premium  a  new 
mcihcd  will  always  be  found. 

The  author  has  been  amused  to  find  that  the  managers  of  some 
of  the  works  visited  have  declared  that  the  rate  was  never  cut  Their 
responsible  assistants,  however,  have  usually  acknowledged,  on  being 
pressed,  that  practically  the  same  result  was  obtained  by  this  plan  of 
*'  finding  a  new  method." 

The  practical  result  is  that  the  Premium  system,  after  all,  requires 
just  as  much  vigilance  as  the  Piece-work  system.  It  has  the  disadvan- 
ta|te  of  requiring  rather  more  book-keeping,  and  of  rather  more 
dilliculty  in  adjusting  the  price  when  a  mistake  has  been  made.  If 
there  had  never  been  any  cutting  the  older  firms  would  have  been 
placed  at  considerable  disadvantage  as  compared  with  newer  firms, 
and  would  find  that  they  had  been  pioneering  for  such  newer  firms, 
who  are  enabled  to  take  advantage  of  the  improvements  effected  and 
set  shorter  times  to  start  with.  In  actual  practice,  however,  it  is 
probable  that  the  greater  proportion  of  the  rates  fixed,  especially  in 
large  machine  work,  are  pretty  correct,  and  there  is  not  perhaps  so 
much  scope  for  any  undue  bonus  to  be  earned. 

Expert  Check  on  Times  S^/.— Where  it  is  considered  that  the  best 
results  are  not  being  obtained,  the  author  is  convinced  that  the  only 
way  to  improve  matters  is  to  have  enough  expert  men  who  are  paid 
well,  and  can  he  relied  upon  to  work  in  the  employers  interest. 
Such  men,  for  example,  may  act  as  rate  fixers.  One  or  more  of  them 
can  work  on  such  of  the  jobs  as  seem  to  require  checking,  and  they 
will  advise  on  any  changes  that  seem  likely  to  be  profitable.  In 
particular  they  will  seek  economy  in  **  non-cutting "  times.  It  seems 
very  desirable  that  the  rate  fixers  should  keep  their  hands  in  in  this 
way,  otherwise  some  stagnation  is  probable.  Also  if  some  system  of 
remuneration  for  improvements  they  effect  can  be  introduced,  it  will 
probably  yield  a  very  profitable  return. 

IV.— Cutting  and  Non-ci'tting  Time. 

On  small  work  especially  the  proportion  of  non-cutting  time  is 
sometimes  very  great.  In  a  certain  rather  tricky  job  a  very  experienced 
rate  fixer  set  the  following  time  :  Cutting  i6  minutes,  changing  tools 
ID  minutes,  gauging  30  minutes,  setting  up  and  fixing  30  minutes.  This, 
of  course,  was  not  quite  an  average  job,  but  in  particular  the  item 
for  gauging  is  to  be  noticed. 

Gaw^iyt^.— There  happened  to  be  a  number  of  surfaces  to  machine, 
and  each  to  exact  dimensions.  "Gauging"  included  the  actual 
measuring,  and  the  successive  short  cuts,  necessary  to  get  down  to 
the  exact  depth  for  the  final  cut. 

A  little  thought  will  show  how  antiquated  and   wasteful  are   the 
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ordinary  methods  of  doing  this.  A  cheap  gauge  or  micrometer  is 
badly  required,  which  will  tell  in  a  second  or  two  to  ordinary  men  just 
how  far  they  are  off  the  final  dimension;  and  then  means  are  required 
to  set  the  tool  forward  just  that  amount  Micrometer  heads  on  lathe 
screws  are  useless  without  the  micrometer  or  gauge  for  showing  how 
much  remains  to  be  taken  off. 

The  introduction  of  some  cheap  device  of  this  sort  will  easily 
effect  an  appreciable  percentage  economy. 

Changing  Belts. — With  belt-driven  machines  and  cone  pulleys,  the 
speeds  usually  change  in  not  less  ratio  than  175  to  i  or  even  2  to  i.  In 
the  latter  case  we  shall  on  the  average  be  worlung  at  just  three-quarters 
of  the  correct  speed,  and  the  cutting  time  is  increased  one-third. 

This  is  a  very  serious  loss,  and  argues  strongly  the  advantage  of  a 
gradual  speed  change  device  ;  also  of  some  cheap  speed  indicator  to 
be  applied  to  the  work  and  show  instantaneously  the  rate  of  cutting. 

But  in  an  even  simpler  way  losses  constantly  occur.  It  is  usually 
not  quite  easy  to  change  from  one  speed  to  another,  and  the  tired  man 
in  particular  will  not  take  the  trouble  to  speed  up  and  down  as  often 
as  perhaps  he  should. 

One  large  firm  doing  very  accurate  work  provides  a  handle,  which 
automatically  shifts  the  belt  by  pressure  to  right  or  left.  There  is  no 
doubt  the  cost  of  this  has  been  repaid  many  times. 

Quick-change  Drill  Chucks. — A  quantity  of  work  comes  under  the 
radial  or  single  spindle  drill,  and  requires  fairly  frequent  change  of 
drills.  Quick-change  drill  chucks,  which  enable  the  drill  to  be  changed 
instantaneously  without  stopping  the  spindle,  may  easily  save  anything 
from  10  to  50  per  cent. 

Setting  Work  in  Jigs, — In  small  and  thin  work  the  cutting  time  is 
often  very  little,  and  the  setting  and  handling  of  the  jig  may  be  a  hirge 
percentage  of  the  whole.  In  one  shop  where  the  work  was  all  repeti- 
tion, and  large  numbers  of  very  expensive  jigs  were  used,  the  foreman 
estimated  at  a  rough  guess  25  to  75  per  cent,  of  non-cutting  time, 
a  multiple  spindle  drill  being  used,  and  very  good  jigs. 

Picking'Up  Tools.— In  one  very  accurate  and  tricky  job,  requiring 
a  number  of  operations  to  be  performed  from  the  same  setting,  and 
requiring  a  number  of  tools  in  successive  use,  the  author  was  impressed 
with  the  small  cutting  time,  and  also  with  the  loss  in  finding  and  pick- 
ing up  the  exact  tool  required.  A  large  block,  having  exactly  as  many 
holes  as  tools  and  gauges,  and  with  these  arranged  in  suitable  groups;, 
will  save  its  cost  many  times  over. 

A  careful  study  of  this  particular  job  enabled  the  time  required  for 
it  to  be  halved,  with  considerably  greater  satisfaction  in  the  character 
of  the  work  turned  out,  and  all  by  attention  to  these  small  details. 

The  above  details  will  sufi&ciently  emphasise  the  point  that  there  is 
a  large  field  open  at  present  for  improvement  to  reduce  the  non-cutting 
time  as  well  as  the  cutting,  and  that  employers  may  often  profitably 
take  obvious  opportunities  of  economising  which  lie  ready  to  their 
hands,  instead  of  looking  abroad  for  new  tools. 
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Visiting  Consultants. — In  America,  and  in  a  few  cases  in  this  country, 
visiting;  consultants  are  called  in  to  examine  the  works,  its  lay  out,  its 
organisation,  and  to  suggest  improvements. 

Such  men  must  have  an  experience  which  no  one  attached  to  a 
single  works  can  possibly  attain  to,  and  should  be  able  to  exercise 
it  without  breach  of  confidence. 

In  any  single  concern  there  must  be  some  tendency  to  stagnation, 
and  there  seems  as  good  reason  for  the  visiting  consultant  as  for  the 
visiting  auditor,  whose  services  arc  now  regarded  as  essential,  and 
taken  as  a  matter  of  course. 

v.— Execution  of  Work  to  Time. 

In  a  general  shop  having  many  small  jobs  in  hand  at  once  it 
requires  a  very  clever  foreman  to  give  times  of  completion  of  all 
work  in  hand  which  he  can  adhere  to,  and  yet  not  have  too  much 
labour  employed. 

The  author  has  devised  a  special  indicator  for  the  purpose,  which 
gives  the  foreman  a  bird's-eye  view  of  the  work  in  hand,  and  of  the 
capacity  for  work.  It  requires  that  time  shall  be  estimated  on  all  work 
in  detail,  whether  on  the  Day,  Piece,  or  Premium  systems. 

I  One  or  more  suitable  boards  are  laid  out  with  horizontal  grooves 
to  represent  the  different  men  in  classes  according  to  employment, 
wages,  etc  ;  some  spare  grooves  are  also  allowed  to  each  class.  Ver- 
tical lines  are  drawn  to  scale  to  represent  hours,  days,  and  weeks. 
Fairly  narrow  strips  of  card  are  cut  off  for  each  job,  of  length  equal  to 
the  number  of  hours  estimated,  and  marked  with  the  job  number  and 
date  by  which  completion  is  required. 

These  are  then  set  up  in  the  grooves,  always  to  the  left  of  the  date 
marked  on  them.  If  there  is  more  work  in  hand  than  capacity  in  men 
bome  cards  must  go  into  the  spare  grooves.  The  card  to  the  left  in 
each  groove  is  always  the  job  in  progress  at  the  time  with  that  man, 
those  to  the  right  being  arranged  in  the  order  of  present  urgency. 
They  can  be  reshuffled  later  as  altered  circumstances  may  seem  to 
require.  Thus  the  foreman  or  manager  can  see  at  a  glance  what  work 
is  likely  to  be  late,  what  is  the  present  capacity  for  new  work,  stock 
work,  etc.,  what  jobs  are  hanging,  and  where  it  is  desirable  to  take  on 
or  discharge  men. 

The  material  labourer  can  also  see  what  materials,  tools,  etc.,  are 
likely  to  be  required  soon,  and  get  them  ready.  The  cost  of  keeping 
up  is  small,  and  amply  repaid  by  the  advantages. 

In  conclusion,  the  author  would  recapitulate  a  few  of  the  points 
which  stand  out  most  strongly  before  him  : — 

A.  Make  it  unnecessary  for  the  workman  to  think  or  remember 

what  can  be  committed  to  writing,  and  he  might  forget. 

B.  Some    red    tape   is   necessary  and   cheap.      Remember   that 

discretion  may  also  mean  indiscretion. 

C.  Use  routine  books  arranged  fo   easy  weekly  inspection. 
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D.  Qive  every  piece  made  a  carefully  chosen  catalogue  number, 

and  use  this  everywhere. 

E.  Provide  an  auxiliary  stores  for  each  foreman  where  there  is 

much  small  work. 

F.  Make  use  of  the  list  of  material  in  the  numerous  ways  sug- 

gested. 

G.  Drawings  should  be  divided  up,  and  each  detail  given  a  list  of 

operations  and  tools. 
H.  Get  as  many  men  as  economically  possible  on  to  each  order 

in  progress,  and  so  have  as  few  in  hand  at  any  one  time  as 

possible,  and  finish  each  quickly. 
I.  Check  standard  jobs  by  expert  labour,  and  reward  impove- 

ments  made. 
J.  Insist  on  an  estimate  of  the  time  required  for  each  Day  work 

job. 
K.  For  the  sake  of  comfort  as  well  as  for  economy  displace  Day 

work  as  much  as  possible. 
L.  Keep    the    attention   directed  to  the  "non-cutting"   losses, 

especially  with  small  work. 
M.  Keep  the  whole  of  the  work  under  general  view  by  means  of 

a  suitable  foreman's  indicator. 

It  should  be  pointed  out  again  that  this  paper  is  merely  a  record  of 
some  impressions  received,  and  does  not  pretend  to  be  a  system  of 
works  organisation  ;  also  that  the  author's  interest  being  chiefly  among 
small  work,  much  of  what  has  been  said  must  be  taken  particularly  to 
refer  to  this. 

Discussion. 

Mr.  Mr.  J.  GuNTHER  :  There  are  certain  points  to  which  I  might  draw 

attention.  Much  naturally  depends  upon  the  class  of  work  being  dooe 
as  to  the  type  of  organisation.  In  small  work  it  is  possible  to  specialise 
considerably  more  than  in  large  work  and  to  devise  special  arrange- 
ments. The  author  states  that  general  shops  exist  in  large  numbers, 
and  that  these  are  as  a  rule  less  efficient  than  specialised  shops.  Well, 
I  do  not  quite  agree  with  ithat.  I  think  a  general  shop,  which  is  not 
taking  every  class  of  work,  can  be  run  quite  as  efficiently  in  its  way  as 
shops  which  are  highly  specialised,  such  as  those  dealing  with  small 
electrical  appliances.  Their  method  of  handling  a  large  piece  is  so 
well  organised,  and  so  well  known,  that  the  efficiency  comes  out  really 
very  fine  indeed.  As  to  each  workman  having  a  drawing  or  sketch, 
that  goes  without  saying.  In  all  well-organised  places,  the  drawings 
have  to  be  of  the  most  complete  character  and  fully  dimensioned  ;  and 
wherever  possible,  if  it  is  a  job  likely  to  be  repeated,  the  drawings 
should  carry  all  leading  particulars ;  and  if  there  is  a  piece  somewhat 
intricate,  which  requires  a  great  deal  of  consideration  as  to  how  to  deal 
with  it  properly,  those  operations,  when  once  defined,  should  be  written 
on  the  drawing,  so  that  they  can  be  repeated  at  any  time.    As  regards 
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the  list  of  materials,  how  far  that  list  should  go  naturally  depends  upon  Mr. 
the  class  of  work.  With  regard  to  the  list  of  operations,  my  own  firm  "  *'* 
have  one  particular  piece  of  work  which  is  rather  complicated,  and  has 
a  large  number  of  parts,  possibly  loo.  This  work  has  to  be  accurately 
carried  out.  We  had  considerable  difficulty  at  first  in  making  this 
particular  piece.  The  chief  difficulty  was  interchangeability,  so  that  a 
number  of  different  parts  could  be  all  made  at  one  time,  and  when 
assembly  took  place  that  each  piece  would  be  an  exact  fit  We  decided 
to  make  jigs  for  the  whole  piece,  and  when  we  did  this  we  went  a  little 
further  and  made  special  tools  for  each  piece.  Altogether  I  think  there 
were  about  500  tools,  and  each  set  of  tools  and  each  jig  carried  a  card 
with  it  giving  the  complete  list  of  operations. 

As  regards  routine  books,  I  do  not  quite  see  that  in  an  ordinary 
works  a  routine  book  is  necessary.  As  a  rule  the  job  that  a  man  has 
given  to  him  is  not  the  same  day  after  day,  except  in  a  place  making  one 
class  of  work ;  but  no  doubt  where  one  man  has  to  do  each  day  the  same 
class  of  work,  or  where  the  same  class  extends  over  several  days,  a 
routine  book  would  be  very  advisable.  As  regards  weekly  inspection, 
possibly  an  inspection  once  a  week  may  not  be  sufficient. 

There  is  one  point  as  regards  numeration.  We  considered  that 
point  very  carefully — the  numeration  of  tools,  drawings,  and  stock-pieces 
— ^and  after  examing  all  the  different  systems — and  some  of  the  systems 
suggested  seemed  to  be  very  elaborate,  one  piece,  for  example,  com- 
prising  perhaps  a  dozen  letters  and  a  dozen  numerals — we  came  to  the 
conclusion  that  the  best  thing  was  to  sweep  all  such  elaboration  away, 
and  to  commence  with  the  drawings.  A  drawing  is  D  so-and-so,  no 
matter  what  the  piece  is  or  what  the  shape  is,  it  is  D  i  up  to  10,000  or 
more.  The  pattern  bears  a  P  and  its  number,  and  a  stock-piece,  which 
may  be  a  bush  or  wheel  or  bearing,  bears  its  number  Si,  S  2,  and  so  on. 
The  same  with  the  tools ;  if  there  are  any  special  tools,  those  would 
carry  the  letter  T  and  its  number,  so  there  cannot  be  any  mistake. 

Coming  to  inspection  at  each  stage,  it  is,  of  course,  self-evident  that 
as  work  goes  along  some  system  of  inspection  is  necessiiry,  either  by 
foremen  or  by  men  specially  detailed  for  this  class  of  work.  As  regards 
stock  orders,  this  is  oFten  a  very  difficult  matter  to  arrange,  and  I  think 
that  the  system  which  we  adopted,  which  was  not  entirely  new,  is  the 
best.  This  is,  that  when  a  particular  article  can  be  made  to  stock 
and  used  in  connection  with  several  other  picees,  the  number  made  for 
stock  should  be  worked  on  the  maximum  and  the  minimum  system. 
With  regard  to  Premium  and  Piece  work,  I  am  afraid  that  Premium 
and  Piece  work  are  going  out  in  engineering  works.  When  dealing 
with  non-union  and  unskilled  labour,  and  especially  with  small  repetition 
work,  it  is  easier  ;  but  when  dealing  with  union  workmen,  and  the  work 
is  of  a  larger  class,  and  few  jobs  are  entirely  alike,  it  is  rather  too 
big  a  task. 

Mr.  H.  Bevis  :  With  regard  to  the  question  of  the  duties  of  foremen,    Mr.  Bcvt« 
I  think  undoubtedly  we  cannot  over-estimate  the  question  of  the  value 
of  foremen.    A  good  deal  of  tlA  efficiency  of  the  shops  depends  upon 
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Mr.  Bevis.  the  foremen,  and  my  idea  is  that  they  should  be  employed  more  exclu- 
sively under  clause  A  (p.  743).  I  think  it  is  kjuite  a  mistake  to  give 
them  the  technical  points  such  as  indicated  in  clause  B  ;  this  should  be 
rather  for  the  tool  shop  or  drawing  oflBce,  and  it  should  be  his  chief 
aim  to  finish  and  produce  the  work  under  clause  A. 

As  regards  the  question  of  weekly  inspection,  I  am  afraid  I  shooki 
not  like  to  carry  out  Mr.  Thomas's  suggestion  of  having  a  fixed  day 
once  a  week  when  I  should  be  round  the  works,  and  at  a  certain  spot 
at  a  certain  time.  I  prefer  to  be  there  frequently  and  when  I  think  I 
will ;  I  find  it  makes  much  more  efficiency.  I  am  in  agreement  with 
Mr.  Thomas  on  the  question  of  having  statistics.  I  believe  they  are 
most  valuable  items,  and  pay  for  themselves  over  and  over  again — that 
is,  if  properly  utilised.  I  find  them  of  considerable  assistance  and 
always  very  instructive,  and  very  often  they  enable  one  to  get  to  the 
root  of  a  trouble  that  would  otherwise  take  a  long  time  to  find  out 
The  paper  rather  conveyed  to  my  mind  that  it  concerned  large  engineer- 
ing works,  and  not  such  where  there  are  large  quantities  of  small  work. 
Coming  to  the  question  of  auxiliary  stores,  I  think  that  it  is  an  essential 
thing  to  have  what  we  call  sub-,  or  auxiliary,  stores.  I  consider  that  the 
main  stores  should  keep  raw  material  and  everything  that  is  common  to 
several  departments.  I  should  not  allow  my  sub-stores  to  keep,  say, 
screws,  bolts,  nuts,  etc.,  that  are  used  by  three  or  four  different  depart- 
ments ;  they  should  be  kept  in  the  main  store.  There  is  quite  enough 
in  the  sub-stores  of  material  that  is  common  only  to  the  department  in 
whicli  it  is  used,  and  in  such  sub-stores  that  is  the  only  material  that 
should  be  kept  there.  To  obviate  the  possibility  of  material  not  being 
in  the  main  or  sub-stores  when  required,  I  believe  in  having  assembly 
rooms — that  is,  if  there  is  a  job  in  hand  that  goes  to  an  assembly  room. 
The  whole  of  the  parts  are  assembled,  and  the  job  is  never  put  out  to 
the  bench  until  they  have  got  the  whole  of  the  parts,  and  until  it  is  so 
assembled  the  job  should  never  be  given  out.  There  is  one  thing  that 
I  should  rather  think  is  wrong  on  page  748,  where  it  is  stated  :  '*  If  the 
assemblers  are  on  piece  or  premium  work,  they  draw  attention  them- 
selves to  any  inaccurate  manufacture  of  parts  coming  to  them."  There 
is  no  doubt  this  is  some  check,  but  where  one  is  making  quantities  of 
stuff  1  think  it  is  then  rather  too  late.  The  time  that  they  should  be 
checked  up  is  when  it  is  being  manufactured  in  the  early  stages.  If  it 
is  only  going  to  be  sent  back  when  it  ns  found  not  to  fit,  it  is  too 
late  to  save  the  loss,  as  all  the  parts  will  have  been  made  wrong, 
and  the  job  would  be  kept  waiting  for  this  particular  one  to  be  made 
correct. 

With  regard  to  the  visiting  consultant,  I  am  afraid  that  is  a  very 
good  name  only ;  and  it  is  like  the  card  system,  much  overrated.  A 
lot  of  people  think  that  the  card  system  will  cure  everything,  and  some 
people  think  that  a  visiting  consultant  by  coming  to  see  our  works  can 
tell  us  everything  better  than  we  can  ourselves.  I  believe  the  bes^t 
thing  is  if  we  can  get  our  friends  to  allow  us  to  see  their  methods,  and 
put  the  various  methods  together  and  select  the  best 
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Mr.  A.  Eckstein  :  I  am  afraid  I  rather  disaipxe  with  Mr.  Bcvis  as  g^^ 
to  the  application  of  the  paper  to  large  engineering  works  manufactur- 
ing A  heavy  class  of  work.     It  strikes  me,  if  anything,  that  the  title  is 
M)mewhat  misleading.     I  think  that  right  through  it  most  decidedly 
refers  to  repetition  work  of  a  small  nature. 

1  do  not  believe  in  making  a  working  man  rely  absolutely  upon 
red  tape,  and  I  think  it  will  be  a  bad  day  for  this  country  when  he 
becomes  an  automatic  machine  ;  we  always  encourage  our  men  to  use 
their  common  sense.  As  regards  the  weekly  inspection,  I  am  afraid 
Mr.  Bevis  has  forestalled  me,  and  I  agree  with  his  remarks. 

As  regards  the  auxiliary  stores,  I  think  there  is  one  point  that 
Mr.  Thomas  has  not  dealt  with,  and  that  is,  I  do  not  quite  see,  if  a  job 
has  to  be  stopped,  as  is  bound  to  happen,  by  what  system  the  material 
would  be  then  returned  to  the  main  stores.  An  auxiliary  store,  I 
should  til  ink,  must  mean  a  small  store  or  a  place  provided  in  absolute 
vicinity  of  the  bench,  where  the  workmen  have  a  certain  amount  of 
material  to  see  definite  orders  through,  but  any  such  auxiliary  stores 
must  not  be  allowed  to  develop  into  a  number  of  general  stores.  With 
regard  to  the  visiting  consultants,  I  should  think  this  might  l>e  excellent 
for  a  comparatively  small  works,  who  cannot  afford  to  have  a  staff  of 
experts,  and  perhaps  also  for  works  whose  representatives  do  not  get 
an  opportunity  of  travelling  with  a  view  of  inspecting  modern  improve- 
ments m  other  factories ;  but  for  a  large  works  with  a  staff  of  expert 
people  I  should  think  that  a  consultant  would  cause  in  many  cases  more 
misciiief  than  good,  as  in  the  short  time  he  would  spend  at  the  works  he 
could  hardly  fathom  matters  as  well  as  the  permanent  staff,  and  might 
possibly  give  \%Tong  impressions  to  a  Board  of  Directors. 

Dr.  C.  C.  Garr.\rd  :  One  of  the  most  important  things  about  the  Dt^ 
management  of  an  engineering  works  of  any  magnitude  whatever  is  the  ^ 
cost-keeping.  In  a  large  works  it  is  impossible  for  the  management 
personally  to  attend  to  the  detail  running  of  the  ^-orks.  It  is  necessary 
for  the  management  to  have  an  automatic  and  ever-ready  indicator  of 
the  efliciency  of  the  works  always  l>efore  it.  The  functions  of  the  shop 
superintendent  and  foreman  must  be  organised  in  correlation  there- 
with. The  costs  of  each  individual  process  over  which  the  respective 
foremen  have  control  must  Hkewise  Ik*  automatically  and  regularly 
brought  before  them.  Cost-keeping,  in  fact,  is  not  simply  a  means 
^^  hereby  the  actual  costs  should  be  recorded  and  used  as  a  basis  for 
estimating  work.  A  system  which  gave  the  costs  of  a  job  several  weeks 
after  the  same  is  completed  would  do  if  the  matter  l>e  regarded  simply 
from  this  point  of  view.  In  my  view,  however,  a  proper  system  of 
cost-keeping  is  much  more  than  this.  It  should  serve  as  a  method  of 
management,  and  transform  a  merely  qualitative  works  control  to  a 
cictinitely  quantitative  one.  According  to  this  method,  every  job  or 
process  should  be  actually  priced  in  money  terms  before  it  is  started, 
and  the  work  controlled  during  progress,  not  by  a  merely  qualitative 
judgmcilt  as  to  whether  the  workmen  are  working  at  a  proper  rate, 
hut  by  the  actual  costs  bKung  kept  from  hour  to  hour,  so  that  at  any 
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Dr.  instant  the  management  can  know  what  any  process  has  cost  up  to 

Garrar  ^^^^  particular  moment.    Of  course,  these  principles  are  recognised  in 

the  Piece  work  and  Premium  bonus  systems.  In  both  these  systems 
of  putting  work  through,  the  actual  processes  are  priced  before  the  jobs 
are  started.  - 1  think,  however,  the  same  principles  should  apply  when 
the  workmen  are  working  Time  work.  There  is  even  more  reason  to 
apply  them  to  Time  work,  as  with  the  Piece  work  or  Premium  bonus 
systems  the  workmen  themselves  have  a  stimalus  to  keep  the  cost 
within  the  specified  value,  which  with  Time  work  is  not  so. 

Regarding  the  relative  merits  of  the  Piece-work  and  the  Premium 
bonus  systems,  I  prefer  the  former.  The  great  objection  to  the  latter 
is  that  the  workmen  get  the  idea  that  they  do  not  receive  the  whole 
benefit  of  their  extra  exertions. 

I  have  thought  that  a  short  description  of  a  system  of  cost-keeping 
that  I  have  originated  in  a  works  manufacturing  electrical  transformers 
and  instruments  might  be  of  interest.  The  previous  system  in  use  in 
the  works  in  question  had  been  the  Lewis  system.  For  such  a  works 
this  system  is  unsuitable.  The  foundation  of  the  Lewis  system  is  the 
job  card  which  each  man  receives.  On  one  side  of  the  card  is  the 
space  for  the  man's  time ;  on  the  other,  for  the  material  used.  Thns 
the  workman  has  to  go  to  the  stores  to  draw  out  material  and  get  it 
entered  on  his  card.  This  is,  however,  very  unsatisfactory.  I  intro- 
duced a  modification  of  the  Lewis  system  with  additions.  For 
every  job  which  is  not  an  absolutely  standard  article  with  a  con- 
stant selling  price,  an  estimate  card  is  made  out  in  the  drawing 
office  before  the  job  is  put  in  hand.  It  is  the  duty  of  the  works 
management  to  see  that  the  article  manufactured  comes  within  the 
estimate.  Each  shop  has  its  own  stores,  and  the  material  required 
for  every  works  order  number  is  issued  by  the  stores  as  requisitioned 
by  the  foreman.  For  standard  articles  standard  printed  requisition 
sheets  are  used  to  avoid  waste  of  time  in  writing.  The  material  cost^ 
for  each  works  order  number  are  kept  by  the  cost  clerk  who  works  in 
this  stores.  All  issues  are  entered  on  cards.  There  are  four  different 
coloured  cards  used.  These  are  for  stock  materials  from  tlie  stores 
concerned,  castings  from  the  foundry,  materials  from  other  depart- 
ments, and  materials  from  the  general  stores.  Every  item  goes  through 
the  shop  stores,  however,  and  the  only  object  of  dividing  the  cardi>  in 
this  manner  is  to  facilitate  departmental  book-keeping.  The  total  o4 
tjic  four  cards  gives  the  total  material  costs  on  any  works  order  number. 
When  the  works  order  number  is  complete,  a  summary  card  is  made 
out  and  filed  in  the  drawing  office ;  this,  together  with  the  estimate 
card  and  the  labour  analysis  card,  are  filed  together  in  special  drawer^ 
like  a  card  index.  Reference  to  the  costs  of  any  works  order  number 
at  any  time  is,  therefore,  a  very  easy  matter. 

As  regards  the  labour,  each  works  order  number  is  divided  up  into 
a  number  of  job  order  numbers  corresponding  to  the  different  pro- 
cesses. Time-work  cards  or  Piece-work  cards  are  issued  to  the  work- 
men for  each  job  order  number  as  the  case  may  be.    When  each  job 
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lb  tipishcd  the  sheet  is  returned  to  the  job  clerk,  who  enters  up  the  total   Dr. 
time  and  cost  in  his  time-book.    The  total  hours  in  this  book  must,  of   ^^'^^ 
course,  agree  with  the  total  hours  as  shown  by  the  works*  j^ate-time 
record.    The  labour  costs  are  entered  up  on  the  job  number  card  and 
summarised  on  the  labour  analysis  card,  a  copy  of  which  analysis  is 
kept  in  the  drawing  office  record  as  explained  above. 

As  regards  stock  order  numbers,  these  are  treated  in  exactly  the 
same  manner  as  works  order  numbers,  and  the  stock  parts,  when  com- 
pleted, go  into  the  stores  at  the  price  they  have  actually  cost,  and  are 
also  debited  out  on  the  various  works  order  numbers  at  the  same  price. 
As  many  similar  articles  as  possible  are  put  through  on  each  works  order 
number.  These  may  be  for  stock  or  for  definite  orders  as  the  case 
may  be.  At  any  rate,  the  works  order  numbers  are  so  arranged  that 
the  total  cost  on  the  works  order  numt>er  when  divided  by  the  number 
of  Hke  articles  made  gives  the  individual  cost. 

As  regards  pricing  stock  parts,  these  are  priced  at  the  actual  cost  in 
labour,  material,  and  te^ting  plus  shop  establishment  charges.  The  shop 
establishment  does  not  include  general  establishment  charges,  which 
remain  more  or  less  unaltered  whatever  the  output.  The  shop  estab- 
lishment charges  include  all  shop  charges  which  vary  with  the  output, 
such  as  general  labouring,  supervision,  etc.,  and  which  are  directly 
under  the  control  of  the  shop  management.  These  vary  with  the  out- 
put, but  not  so  fast  as  the  output.  They  vary  between  40  per  cent,  and 
60  per  cent,  of  the  labour  cost.  All  goods  made  are  costed  in  this 
manner,  and,  as  an  inducement  to  the  reduction  of  cost,  a  bonus  is  paid 
based  upon  the  difference  between  this  shop  cost  and  selling  price. 

In  order  to  Ix;  able  to  control  costs  of  standard  articles,  I  have  found 
it  a  good  plan  to  plot  the  costs  in  the  form  of  curves.  It  is  somewhat 
difficult  to  obtain  regular  curves,  the  difficulty  being  due  in  part  to 
variations  in  the  cost  of  certain  of  the  processes  which  are  unavoidable, 
but  I  do  not  claim  that  the  accuracy  of  such  curves  is  greater  than 
5  per  cent.  Still,  the  general  tendency  of  such  curves  from  month 
to  month  affords  a  very  fair  basis  for  judgment  of  the  way  things  are 
being  managed. 

Mr.  Elf  STACK  Thomas  {in  reply) :  I  do  not  think  there  is  much  I  have  Mr. 
tt)  say.  With  reference  to  the  question  of  weekly  inspection,  I  do  not 
mean  that  the  manager  is  to  w;ilk  round  the  works  each  week  just  to  try 
and  find  things  wrong  in  the  works  itself,  but  only  that  be  should  inspect 
the  paper  and  the  books,  because  I  have  noticed  myself  in  very  many 
cases  where  books  are  supposed  to  be  kept  up  as  a  matter  of  con- 
venience, and  where  it  does  not  follow  that  any  system  of  book-keeping 
may  be  necessary,  theMj  matters  are  liable  to  get  neglected.  What 
I  suggestetl  was  where  there  are  books  of  this  sort,  such  books  should 
be  inspected  once  a  week.  They  can  be  gone  through  in  a  very  few 
minutes,  and  one  only  h;is  just  to  glance  over  the  last  few  pages  to  sec 
whetlwr  the  various  particulars  arc  being  filled  up  and  kept  to  date. 

W^ith  regard  to  the  catalogue  numbers,  I  still  think  the  matter  of 
catalogue  numbers  is  rather  an  important  one.     Mr.  Gunther  spoke 
Vou  41.  49 


Thomas. 
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Mr.  about  the  numerous  letters  and  figures  which  are  involved.     Well, 

omas.  J  think  that  is  the  very  reason  one  wants  the  catalogue  numbers.  We 
found  in  doing  a  great  deal  of  general  work,  and  having  to  design  special 
pieces  for  special  apparatus,  these  were  apt  to  get  associated  with 
a  particular  job  which  was  forgotten  in  a  very  short  time.  A  new 
draughtsman  coming  in,  and  having  no  recollection  of  this  job,  would 
start  and  re-design  it  over  and  over  again,  and  (>arts  get  multiplied 
out  of  all  reason. 

One  speaker  asked  how  far  the  remarks  which  I  have  been  making 
have  been  embodied  in  our  own  works.  I  am  afraid  to  a  very  small 
extent.  I  took  up  this  subject  because  I  recognised  how  much  ad- 
vantage we  should  get  by  carefully  studying  the  matter  out.  I  have 
been  giving  very  great  thought  to  what  I  have  seen  in  other  works  and 
others  systems,  and  I  am  hoping  to  embody  everything  that  has  been 
said  in  our  own  works,  which  will  be  of  considerable  advantage.  I 
think  that  everybody  will  eventually  come  to  the  idea  that  the  foreman 
should  have  the  duties  under  Section  A  most  particularly.  With  regard 
to  the  matter  of  the  visiting  consultant,  of  course,  I  do  not  know  how 
far  that  would  work  out,  but  it  docs  seem  that  it  should  be  possible  for 
a  consultant  to  do  considerable  good.  At  any  rate,  it  would  not  entail 
a  very  large  expense,  and  I  merely  make  the  suggestion  for  what  it  b 
worth.  It  is  quite  true,  and  it  is  very  regrettable,  that  workmen  a^ 
a  whole  have  deteriorated  very  considerably,  in  consequence  of  the 
system  of  manufacture  adopted.  It  is  necessary  that  we  should 
specialise  to  a  very  great  extent  to  get  efficiency.  I  am  dealing,  of 
course,  with  work  that  is  not  absolutely  simple  and  straightforward, 
such  as  switch  work.  It  pays  one  to  go  to  what  looks  Hke  an  abso- 
lutely exorbitant  and  absurd  expense  in  pre'paring  certain  things  to 
carry  out  a  job.  It  pays  in  the  end,  perhaps  not  in  the  mere  manu- 
facture of  the  article,  but  afterwards  in  the  diminished  cost  of  assembly, 
in  the  less  time  the  job  hangs  about,  the  less  anxiety,  and  the  better 
satisfaction  the  job  gives  both  to  the  makers  and  the  buyer. 
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THE    ELECTRIFICATION    OF  THE    MANSFELD 
COPPER   MINES. 

By  H.  R.  Speyer,  Student. 

(Paper  read  before  tiie  Students'  Section,  in  ha'HMOs,  January  15,  1908.) 

In  view  of  the  attention  that  has  recently  been  called  to  the 
working  of  gas-driven  generating  plants,  a  description  of  the  Mansfeld 
Copper  Mining  Company's  blast  furnace  gas  engine  central  station  is  of 
special  interest.  This  station,  which  is  the  largest  of  the  three  owned 
by  the  Mansfeld  Copper  Company,  is  driven  by  two  1,300-H.P. 
Oechelhauser  gas  engines. 

In  order  to  determine  the  heat  equivalent  and  quantity  of  blast  fur- 
nace gas  available  at  the  Krughutte  foundry,  adjoining  the  central 
station,  various  experiments  had  to  be  carried  out,  and  it  was  found 
that  the  four  furnaces  were  able  to  deal  with  625  tons  of  ore  per  hour, 
with  a  coke  consumption  of  215  kg.  per  ton  of  ore.  At  the  time  of 
making  these  tests  the  blast  furnace  gas  was  being  used  in  conjunc- 
tion with  mineral  coal  for  firing  boilers ;  this  procedure  was,  however, 
naturally  somewhat  wasteful,  as  the  following  figures  prove  : — 

The  firing  of  the  boilers  with  blast  gases  required  approximately 
36460  calories  per  horse-power- hour,  and  as  the  heat  equivalent  of 
a  horse-power-hour  is  638*8  calories,  with  this  method  of  working  only 
174  per  cent,  of  the  theoretical  heat  value  of  the  blast  gases  is  used 
to  advantage.  By  employing  these  gases,  however,  for  driving  gas 
engines,  a  far  more  favourable  result  can  be  obtained,  for  as  the  heat 
equivalent  of  the  gas  required  per  horse- power-hour  is  only  3,000 
calories,  as  much  as  21*2  per  cent  of  the  theoretical  heat  value  of 
the  gases  is  used. 

The  two  influential  elements  deciding  the  question  as  to  whether 
the  ga^es  were  suitable  for  driving  g.is  engines  were  their  chemical 
constituent  and  the  quantity  of  foreign  matter  present. 

The  heat  value  of  the  blast  furnace  gas  depends,  as  is  well  known, 
upon  the  quantity  of  carbon  monoxide,  hydrogen,  and  methane  present. 
In  this  particular  case  the  quantity  of  hydrogen  and  methane  was  small 
enough  to  be  negligible.  The  results  obtained  proved  the  proportion 
of  carbon  monoxide  to  be  relatively  small,  especially  when  compared 
with  the  average  value  of  that  contained  in  the  gases  from  iron  ore 
furnaces.  This  circumstance  naturally  emphasised,  all  the  more,  the 
question  as  to  whether  the  gases  in  this  case  could  be  economically 
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used  for  driving  engines.  Practical  experience  has,  however,  proved 
that  in  general  and,  of  course,  within  certain  limits,  the  poorer  the 
quality  of  the  gas  the  better  suited  it  is  to  the  work  in  question. 

The  state  of  the  gas  on  leaving  the  furnaces  was  very  unfavourable 
for  working  the  engines,  owing  to  the  presence  of  much  finely-divided 
dust.  In  the  experimental  plant  which  was  erected,  however,  a 
Theisen's  patent  centrifugal  contraflow  gas  v«^asher  was  used,  and 
gave  such  satisfaction  that  no  further  aij^ety  was  necessary  on  this 
score. 

Horse-power  Available, — This  depends  naturally  upon  both  the 
chemical  and  heat  equivalent  of  the  gas  and  the  quantity  obtainable. 
The  average  percentage  of  carbon  monoxide  contained  in  the  gases 
from  the  Krughiitte  foundry  is  approximately  21  "65  per  cent,  which  is 
equivalent  to  650  calories  per  cubic  metre  of  gas — on  the  basis  that  i  per 
cent,  carbon  monoxide  is  equivalent  to  approximately  30  calories  per 
cubic  metre  of  gas.  The  average  quantity  of  gas  available  is  21,000 
cubic  metres  per  hour,  therefore  the  available  horse-power  at  the 
Krughiitte  is  approximately  4,500  B.H.P. ;  this  on  the  assumption 
that  the  gas  engine  requires  3,000  calories  per  B.H.P. 

Allowance  must  be  made  for  the  fact  that  the  furnaces  arc  cut 
out  from  the  main  delivery  gas  pipe  when  undergoing  the  process  of 
charging,  tapping,  and  cleaning,  and  it  may  sometimes  happen,  in  spite 
of  strict  contrary  orders,  that  these  operations  are  carried  out  on  more 
than  one  furnace  simultaneously.  It  is  therefore  not  safe  to  take  the 
continuous  quantity  of  gas  available  as  being  more  than  approximately 
two-thirds  of  the  actual ;  this,  then,  brings  down  the  horse-px>wcr  to 
approximately  3,000 ;  and  making  a  still  further  allowance  that  the  heat 
value  of  the  gas  may  decrease  10  per  cent.,  we  get  the  ultimate  avail- 
able effective  horse-power  under  the  most  unfavourable  circumstances 
as  2,700. 

The  Krughiitte  Gas  Engine  Central  Station. — In  the  original  laying  out 
of  this  station  it  was  not  deemed  advisable  to  take  advantage  of  the 
total  horse-power  at  once,  since  the  electrification  of  the  mines  can 
only  be  proceeded  with  gradually ;  the  influential  factor  underlying 
the  initial  move  was  that  there  should  be  as  little  disturbance  as 
possible  in  the  continuous  working  of  the  mines  undergoing  this 
important  change.  Therefore  on  this  account  the  central  station  has 
at  present  been  laid  out  for  a  horse-power  of  2,600,  comprising  two 
units,  each  1,300  H.P.  Ample  arrangements  have,  however,  been 
made  for  increasing  the  number  of  units  as  the  growing  load  warrants 
their  erection. 

Gas  Conveyors, — The  blast  furnaces  of  the  Krughiitte  are  conne4:ted 
up  to  two  parallel  running  gas  trunks  having  an  internal  diameter 
of  1,600  mm.  and  1,000  mm.  respectively.  The  furnaces  are  so 
connected  up  to  the  gas  pipes  that  each  and  all  can  exhaust  in  either 
the  one  or  the  other  as  recjuired  when  cleaning  operations  are  in 
progress.  These  two  gas  trunks  serve  to  lead  the  blast  gases  to  the 
Theisen  house,  where  they  undergo  their  cleaning  operation. 
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The  Cleaning  Plant. — The  gas  cleaning  plant  consists  of  three 
Theisen  patent  centrifugal  contra-flow  washers.  Each  washer  consists 
of  a  conical  metal  casing  lined  with  a  wire  meshing  ;  revolving  within, 
at  a  periphery  speed  of  3,000  metres  in  a  minute,  is  a  drum  fitted  with 
spiral  blades.  The  blades  are  so  formed  at  their  ends  as  to  draw  in 
the  gas  at  one  end  of  the  casing  and  expel  it  at  the  other.  Water  is 
admitted  through  an  opening  at  the  side  of  the  casing  and  is  finally 
sprayed  by  the  blades,  being  caused  by  their  spiral  form  to  flow  in  the 
opposite  direction  to  the  motion  of  the  gas,  constituting  the  contra- 
flow action.  The  water,  on  leaving  the  cleaner,  is  conducted  to  a 
settling  tank,  where  the  deposit  quickly  settles  and  the  water  is  used 
over  again.  It  may  be  mentioned  here  that  the  deposit  contains  over 
20  per  cent,  lead  ;  it  is  therefore  stored  up,  and  afterwards  put  through 
a  process  for  liberating  the  lead.  The  gas,  on  leaving,  is  passed 
through  a  Theisen's  patent  vapour  separator  in  order  to  be  dried.  The 
action  of  the  apparatus  is  continuous,  and  as  the  bearings  arc  fitted 
with  ring  lubrication  practically  no  attention  is  required.  The  gas, 
before  reaching  the  actual  washer,  is  passed  into  a  preliminary  satu- 
rator,  where  it  is  robbed  of  the  heavier  dust. 

The  three  washers  at  the  Krughulte  are  together  capable  of  dealing 
with  over  30,000  cub.  ft.  of  gas  per  minute,  and  use  in  all  approximately 
200  gallons  of  water  per  minute.  The  gases,  before  entering  the  washer, 
contain  approximately  17  grammes  of  dust  per  cubic  metre,  and  after 
leaving,  only  o'oo3  gramme  per  cubic  metre,  a  fact  which  speaks  very 
well  for  the  efficiency  of  the  Theisen  plant. 

The  dust  consists  principally  of — 

I-rCad 33  per  cent. 

Zinc 22        „ 

Sulphur         13        „ 

The  lead  is  present  in  the  form  of  lead  oxide  PbO,  and  zinc  in  the  form 
of  zipc-sulphate. 

From  the  cleaning  plant  the  gas  passes  into  a  reservoir  having  a 
capacity  of  500  cubic  metres.  The  function  of  this  reservoir  is  to 
balance  the  small  changes  in  the  quantity  of  gas  coming  over  from  the 
furnaces  and  to  act  as  booster  in  times  of  sudden  variabon  of  the 
electric  load.  It  is  capable  of  feeding  one  of  the  1,300-H.P.  gas  motors 
for  six  minutes.  Naturally  as  the  output  of  the  station  is  increased 
a  second  and  larger  reservoir  will  be  required. 

A  dt«plicate  system  of  piping  serves  to  conduct  the  gases  from  the 
reservoir  to  the  Oechelhiluser  gas  engines. 

Mechanical  Plant. — The  Occhelhauser  type  of  gas  engine  was 
chosen  on  account  of  its  well-known  adaptability  for  working  efficiently 
with  bhtst  furnace  gases,  and  further  on  account  of  its  extreme 
simplicity,  giving  the  plant  therefore  a  high  working  safety  factor. 
The  principle  underlying  the  working  of  an  Occhelhauser  gas  engine 
is  too  well  known  to  require  a  detailed  description.  Two  sets  arc 
installed,  the  normal  output  of  each  set  being  1,300  H.P.  at  125  revs. 
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per  minute  when  worked  with  blast  furnace  gas  possessing  approxi- 
mately 650  calories  per  cubic  metre  at  0°  C,  and  at  a  pressure  of 
760  mm.  The  flywheel  effect  has  been  so  calculated  as  to  allow  for  a 
satisfactory  parallel  running  of  the  two  machines. 

The  gas  engines  are  started  up  by  means  of  two  air  compressors 
driven  by  3-phase  motors.  The  water  used  in  the  cooling  of  the 
cylinders  is  raised  up  to  a  cooling  tower  by  means  of  electrically-driven 
centrifugal  pumps,  and  is  afterwards  stored  up  in  two  large  tanks  and 
used  over  again.  The  necessary  water  for  cooling  the  exhaust  gases  is 
run  off  into  a  pit,  situated  in  a  neighbouring  field,  being  too  con- 
taminated for  further  use. 

These  two  gas  engines  have  now  been  working  for  more  than  two 
years,  and  have  given  every  satisfaction  when  working,  either  singly 
or  in  parallel. 

The  Electrical  Plant. — The  main  electrical  plant  consists  of  two 
Siemens-Schuckert  3-phase  generators  with  revolving  outer  magnet 
poles.  Each  machine  is  designed  for  an  output  of  1,000  k.w.  at  3,000 
volts  when  running  at  125  revs,  per  minute  and  50  no. 

The  generators  are  mounted  between  the  two  halves  of  the  gas 
engines.  The  excitation  is  obtained  from  two  motor-generators ;  a 
2 20- volt  battery  is  also  provided,  working  in  connection  with  a  booster, 
in  parallel  with  the  two  motor-generators.  The  motors  driving  the 
exciters  arc  of  the  ordinary  3-phase  star-connected  type,  wound  for  a 
pressure  of  3,000  volts. 

In  addition  to  the  two  i,ooo-k.w.  machines  there  are  also  two  small 
loo-k.w.  3-phase  machines  coupled  up  to  two  small  Korting  gas 
engines.  These  were  originally  for  pioneering  work.  The  switch- 
board and  busbars  have  been  so  designed  as  to  allow  for  considerable 
extension  as  more  units  are  added  to  the  plant. 

Table  I.  has  been  prepared  to  show  the  actual  working  results 
obtained  in  the  station.  The  average  working  cost  of  a  unit  for  the 
first  six  months  of  last  year  was  0'i6d.  After  deducting  10  per  cent, 
for  depreciation  and  5  per  cent,  for  interest,  an  average  monthly  profit 
of  approximately  44  per  cent,  was  obtained.  The  curves  depicted  in 
Figs.  I  and  2  have  been  compiled  from  the  actual  data  expressed  in 
Table  I.,  and  serve  to  show  at  a  glance  the  economical  working  of  the 
station.  The  results  for  the  month  of  June  are  not  so  favourable  as  the 
preceding  owing  to  the  new  Hohenthal  generating  station  being  put 
on  the  Krughiitte  line.  The  current  consumption,  therefore,  from  the 
Krughiitte  as  well  as  the  revenue  is  diminished  while  the  station  run- 
ning expenses  remain  practically  constant.  The  fact  is  once  again 
emphasised  how  much  cheaper  it  is  to  generate  energy  from  large  units 
put  down  centrally  than  from  smaller  units  scattered  over  the  distri- 
bution area.  The  load  for  which  the  Hohenthal  station  is  constructed 
consists  of  two  powerful  electrically. driven  pumps  for  holding  the  mine 
free  of  water. 

The  Hohenthal  Central  Station, — The  generating  plant  of  this  station 
consists  of  two  Siemens-Schuckert  3-phase  star-connected  gencratons 
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each  with  an  output  of  3,150  volts,  165  amperes,  with  a  power  factor  of 
079,  running  at  125  revs,  per  minute  and  50  r>o. 

The  excitation  is  obtained  from  a  3-phase  continuous-current  motor- 
generator,  and  in  the  first  instance  from  a  small  direct-coupled 
steam-driven  dynamo. 

The  steam-driven  units  of  the  generators  comprise  two  horizontal 
compound  Sulzer  engines,  each  with  a  normal  output  of  750  H.P.  and 
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an  overload  capacity  up  to  920  H.P.  Normal  steam  consumption, 
5*6  kg.  per  horse-power-hour.  Switching  arrangements  have  been  made 
wherewith  the  station  can  be  worked  in  parallel  with  the  Krughuttc 
and  Kupfcrkammer  line. 

The  Lahmeyer  Kupfcrkammer  Generating  Station. — Two  of  the  three 
large  units  which  this  station  will  contain  when  completed  are  already 
running  on  a  day  and  night  load.  The  plant  calls  for  special  mention 
in  so  far  as  use  is  made  of  the  blast  furnace  gas  of  the  surrounding 
foundry  for  firing  one  of  the  two  batteries  of  boilers  of  the  station. 
Naturally  this  will  not  lead  to  such  economy  as  is  obtained  with  the 
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direct-driven  engines  at  the  Kriighutte  generating  station.  Direct 
driving,  however,  in  this  case  would  not  have  been  practicable  owing 
to  the  comparative  low  calorific  value  of  the  gases,  namely,  400-450 
calories  per  cubic  metre.  The  average  chemical  cx>mbination  of  the 
available  blast  gas,  expressed  in  volumetric  per  cent.,  is  as  follows : — 


CO,.. 
C  ... 
CO  .. 
\     .. 


14*2    vol.  per  cent,  per  cubic  metre. 
012 

»475  .      M 

70*93 


The  dust  and  grit,  etc.,  carried  over  by  the  furnace  gas  contains,  as 
in  the  case  of  the  Krughutte  plant,  a  large  percentage  of  lead ;  it  is 
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therefore,  impracticable  to  blow  out  the  deposit  between  the  water 
tulxjs  of  the  twiler  by  utilising,  as  is  generally  the  case,  the  high-pressure 
steam  of  the  boiler ;  this  on  account  of  an  adhering  substance  which 
would  be  formed  by  the  action  of  the  steam  on  the  lead  deposit.  The 
work  is  performed  by  an  electrically-driven  air  compressor,  delivering 
at  a  pressure  of  8  atmospheres. 
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Each  boiler  is  constructed  with  two  water  drums,  1,300  mm,  io 
diameter,  and  7,100  mm.  in  length,  and  contains  180  water  tubes  each 
4,500  mm.  in  length,  with  an  inside  diameter  of  114  mm.  and  an  outside 
diameter  of  11775  mm.  Grates,  in  which  a  small  fire  is  continuously 
burnt,  are  provided  for  the  purpose  of  igniting  the  blast  furnace  gas. 
The  second  battery  consists  of  four  ordinary  coal-fired  boilers,  with 
mechanical  stokers  each  of  a  heating  surface  of  300  square  metres,  and 
is  worked,  as  in  the  case  of  the  blast  furnace  gas  boilers,  at  a  pressure 
of  13  atmospheres.  Each  boiler  is  fitted  with  a  superheater,  having  a 
heating  surface  of  60  square  metres  for  raising  the  temperature  of  the 
steam  350**  C.  The  economiser  takes  the  form  of  a  cylindrical  vessel 
with  circulating  pipes,  placed  immediately  between  the  steam  exit  of 
the  low-pressure  cylinder  and  the  condenser.  The  steam  delivery,  as 
well  as  the  water-feeding  pipes,  are  laid  in  duplicate  so  as  to  minimise 
the  risk  of  a  shut-down  in  the  station. 

The  station  was  originally  projected  for  an  output  of  2,000  k.w.  ;  this 
has,  however,  now  been  increased  to  5,000  k.w.  The  two  first  units  to 
be  put  down  comprise  two  Lahmeyer  high-tension  fly  wheel  alternators, 
each  capable  of  an  output  of  1,250  kilovolt-amperes  at  a  power  factor 
of  0*8  at  10,500  volts  50  ro  running  at  a  speed  of  107  revs,  per 
minute.  The  mass  of  each  rotor  is  such  that  with  a  varying  load  and 
with  the  engine  exhausting  either  direct  or  through  its  condenser,  the 
variation  of  the  speed  during  i  revolution  is  not  more  than  i  :  250. 

Each  generator  is  driven  by  a  tandem  triple-expansion  engine  built 
to  the  Lahmeyer  specification  by  the  Hannover'sche  Maschinenbau 
Actien-Gesellschaft,  having  a  normal  output  of  1,500  H.P.  with  an 
overload  capacity  of  1,800  H.P.  The  diameter  of  the  high-pressure 
cylinder  is  620  mm.,  the  medium  pressure  970  mm.,  and  the  low- 
pressure  cylinders  2  x  1,100  mm.  Length  of  stroke,  1,300  mm. 
Each  engine  is  controlled  with  Lentz's  patent  precision  valve  regulator, 
which  is  so  set  as  to  allow  a  speed  variation  during  running  of  5  per 
cent. 

The  cooling  water  used  in  connection  with  the  jet  condensers  is 
carried  up  to  a  cooling  tower  by  means  of  two  centrifugal  pumps,  each 
with  an  output  of  440  cubic  metres  per  hour  when  working  against 
a  head  of  10  metres.  These  pumps  are  driven  by  two  Lahmeyer 
3-phase  30- H.P.  500-volt  motors  running  at  750  revs,  per  minute. 

The  main  switchboard,  which  is  situated  at  one  end  of  the  station, 
comprises  13  panels.  Only  instruments  and  controlling  apparatus  are 
mounted  on  the  board,  all  high-tension  apparatus  being  placed,  as 
usual,  in  a  separate  chamber.  The  oil  switches  of  the  main  generators 
are  worked  from  the  low-tension  switchboard  by  means  of  light  steel 
shafting,  and  each  is  provided  with  an  automatic  release  actuated  by  an 
overload  time  limit  relay  and  signal  lamp  contacts.  The  high-tension 
switchgear  and  busbars  are  mounted  in  a  chamber  built  parallel  to  the 
switchboard  gallery,  but  on  the  ground  floor.  In  this  chamber  arc 
mounted  the  oil  switches  for  connecting  the  various  feeding  cables  and 
transformers  to  the  10,000-  and  3,000- volt  ring  busbars.     The  busbar? 
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arc  provided  with  sectional i sing  links  so  as  to  enable  any  faulty 
generator,  transformer,  or  cable  section  to  be  cut  out  without  interrupt- 
ing the  supply  of  current  to  the  other  sections.  Each  of  the  26 
high-tension  panels  is  complete  in  itself,  being  provided  with  an 
overload  release,  time  relay,  signal  lamp,  and  releasing  circuit,  this 
latter  being  actuated  by  a  button  from  the  low  main  tension  switchboard. 
The  transforming  plant  consbts  of  the  following  Lahmeyer  oil- 
cooled  transformers  : — 

4    200  Icv.a.  10,000/3,000  volts  5orx->. 
2    150     „     10.000/500       „  „ 

4    .75     „      10,000/500 

The  excitation  current  of  the  main  generators  is  provided  by  means  of 
two  single  and  one  double  3-phase  continuous-current  motor-generators. 
The  double  aggregate  consists  of  two  continuous-current  dynamos 
mounted  one  on  cither  end  of  the  shaft  with  the  3*phase  driving  motor 
mounted  in  the  middle. 

The  outputs  are  as  follows  :— 

3-phasc  motor  :  175  B.H.P.,  500  volts,  750/730  revs,  per  minute, 

50  rvj 
Continuous-current  dynamos  :  each  55  k.w.,  220  volts. 

The  single  set  comprises  a  3. phase  85-B.H.P.  500-volt  motor  directly 
coupled  to  a  50-k.w.  2 20 volt  continuous-current  dynamo.  In  addition 
to  these  sets,  which  work  in  parallel  on  the  same  busbars,  a  small  booster 
for  30/100  volts,  driven  by  a  3-phase  squirrel-cage  motor,  is  provided  for 
charging,  in  conjunction  with  the  continuous-current  sets,  the  station 
battery.  This  consists  of  126  cells  with  a  capacity  of  185  ampere-hours. 
This  battery  is  used  for  driving  the  6-H.P.  barring  motors,  for  running 
the  small-air  compressor,  used  for  cleaning  the  tubes  of  the  blast  gas- 
fircd  boiler,  and  also  for  lighting  purposes  in  cases  of  emergency. 
This  station  has  now  been  at  work  for  about  t\\x»  months,  and  up  to  the 
present  has  given  every  satisfaction. 

Disiributing  System. — A  great  deal  of  care  and  thought  was  given  to 
the  arrangement  of  the  distributing  system  in  order  to  minimise  as  far 
as  possible  the  risk  of  breakdowns.  The  cables  have  in  almost  all 
cases  been  laid  in  pairs. 

Underground  cables  were  chosen  in  preference  to  overhead  lines, 
as  the  routes  pass  through  a  great  number  of  villages  and  along  high- 
roads, so  that  for  a  10,000-volt  system  very  elaborate  safety  guards 
would  have  t>een  required.  A  further  consideration  was  the  avoidance 
of  disturbances  caused  by  the  very  frequent  severe  local  thunder- 
storms. Also  the  cables  arc  not  subject  to  the  deteriorating  effects  of 
the  atmosphere,  impregnated  with  sulphur  fumes  from  the  surrounding 
foundries. 

The  original  distributing  system,  at  the  time  the  Krughutte  central 
station  was  put  to  work  ^two  years  ago),  consisted  chiefly  of  a  3,000-volt 
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ring  trunk  main.  Starting  from  the  Krughuttc,  the  cable  passes  by 
way  of  the  Clotilda  pit  to  the  Oberhutte  and  Hohenthal  pit,  and  then 
back  over  the  Ernst,  Martin,  and  Wimmelburg  pits  to  the  Krughutte 
station.  The  distances,  including  an  allowance  for  differences  of  level, 
are  approximately  as  follows  : — 

Central  station  to  Clotilda  pit      1-9    km. 

Clotilda  pit  to  Oberhutte 1*9       ,, 

Oberhutte  to  Hohenthal 2*2      „ 

Hohenthal  to  Ernst  pit      2*9      „ 

Ernst  to  Kochhiitte 0*95    „ 

Kochhiitte  to  central  station        4*1      „ 


13*95  ^^^'  (^  noiles) 

The  cable  is  of  the  3-core  paper-insulated  t>'pe,  cross-section  of  the 
copper  of  each  core  is  0*077  sq.  in. 

The  cables  running  from  the  central  station  at  Krughuttc  to  the 
actual  Krughutte  smelting  works,  the  Otto  and  Hermann  pits,  have 
been  placed  outside  the,  actual  ring,  principally  on  account  of  the 
blowers  for  supplying  the  forced  draught  to  the  furnaces  at  the  Krug- 
hiitte,  and  on  account  of  the  electric  main  winding  engine  at  the 
Hermann  pit.  This  plant  is  working  continuously  day  and  night,  with 
the  result  that  later  on  difficulties  would  have  been  experienced  when 
extending  the  cable  system. 

Owing  to  the  comparatively  long  distance  between  the  Krughutte 
and  Kupferkammer  works,  it  was  deemed  advisable  when  laying  down 
the  new  central  station  at  the  Kupferkammer  to  generate  direct  at 
10,000  volts.  In  order,  however,  to  allow  of  the  new  station  being 
worked  in  parallel  with  the  central  stations  erected  at  the  Hohenthal 
pit  and  Krughutte  works,  a  small  sub-station  has  been  erected  at  the 
Oberhutte.  This  contains  a  420-kilovolt-ampere  oil-cooled  transformer 
of  the  Lahmeycr  type,  transforming  the  10,000- volt  pressure  down  to 
the  3,000  volt,  which,  as  before  mentioned,  is  the  generating  voltage 
of  the  Krughutte  and  the  Hohenthal  stations.  A  system  of  10,000- volt 
cable  is  laid  between  the  Kupferkammer  works  and  Oberhutte,  passing 
through  two  busbar  switch  houses  erected  in  the  neighbourhood  of 
the  Niewandt  and  Zirkel  pits.  From  the  former  10,000-volt  3-core 
paper-insulated  cables  are  run  to  the  Niewandt  and  Paul  pits,  while 
from  the  latter  similar  cables  are  taken  to  the  Zirkel  and  Vitztum  pits. 
The  Zirkel  switch  house  receives  energy  from  both  sides  of  the  system 
— namely,  from  Kupferkammer,  Krughiitte,  and  Hohenthal  stations, 
the  risk  of  a  breakdown,  therefore,  is  considerably  lessened. 

Separate  cables  are  run  from  the  Kupferkammer  station  to  the  sur- 
rounding foundry,  and  to  the  Bessemer,  Saiger,  and  Gottesbelohnung 
works.  These  are  under  a  pressure  of  3,000  volts  (1*5  sq.  mm.).  Having 
dealt  with  the  generating  and  distributing  system,  attention  may  now 
be  turned  to  the  secondary  plant  installed  at  the  various  pits  and 
foundries  of  the  Company. 
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EUitncal  Equipment  of  the  Krughiitte  Copper  Works. —The  principal 
electrical  plant  at  the  Krughiitte  foundry  consists  of  the  3-phase 
motors  driving  the  blowers  and  feeding  mechanism  of  the  blast 
furnaces,  the  aerial  wire  ropeway  conveying  ore  direct  from  the 
Hermann  pit  to  the  furnaces,  and  the  smaller  motors  for  driving  the 
moulding  machines  and  the  pumps  for  the  water-cooling  of  the  fur- 
naces. 

The  3,ooo*volt  induction  motors  driving  the  Jaeger  rotary  blowers 
for  supplying  the  forced  draught  to  the  furnaces  are  kept  running 
day  and  night.  These  blowers  are  of  extremely  simple  construction, 
and  are  entirely  without  valves.  As  the  revolving  parts  do  not  come 
into  actual  contact,  the  efficiency  is  comparatively  high,  being  approxi- 
mately  75  per  cent.  Each  blower  is  designed  for  an  output  of  250  cubic 
metres  of  free  air  per  minute  at  a  pressure  of  100  mm.  of  mercur>'. 
They  run  at  a  sj>eed  of  250  revs,  per  minute,  and  each  is  driven  by 
belting  from  a  125-H.P.  motor  running  at  750  revs,  per  minute  on  the 
3,000- volt  50-rsj  3- phase  circuit. 

Two  electrically-driven  centrifugal  pumps,  each  with  an  output  of 
75  metres  per  minute,  are  provided  for  circulating  the  water  for  the 
cooling  of  the  turn-ices.  Each  is  driven  by  1-H.P.  500- volt  induction 
motor.  Moulding  machines  are  used  for  compressing  the  small  or 
dust  ore  into  moderate-sized  bricks,  which  are  afterwards  fed  in  the 
furnaces.  These  are  belt-driven  by  lo-H.P.  500-volt  3-phasc  motors. 
The  workshops  are  equipped  with  3-phase  asynchronous  500-volt 
motors.  The  feeding  mechanism  of  the  furnaces  is  driven  through 
chain  transmission  by  3-phase  motors.  The  gear  for  each  furnace  is 
capable  of  dealing  with  3,000  S50-kg.  wagons  per  twenty-four  hours. 

The  aerial  steam  ropeway  between  the  Hermami  pit  and  the 
furnaces  of  the  Krughutte  is  7  kilometres  in  length.  The  driving 
power  is  derived  from  a  lo-H.P.  3-pha5e  5oo-volt  motor.  A  second 
motor  has  been  erected  as  a  reserve.  The  average  cost  of  transporta- 
tion per  kilometre-ton  with  this  line  works  out  to  about  2^.  Average 
monthly  transportation,  5.500  tons. 

Elettncal  Equipment  at  the  Kupferkammer  Smelting  Works. — From 
the  io,0(X)-volt  ring  busbars  at  the  Kupferkammer  station  four  feeding 
cables  are  run  over  the  Nicwandt  and  Gottesbelohnung  pits  to  the 
busbars  of  the  Zirkel  pit  switch  house,  which,  as  before  mentioned,  is 
coupled  up  over  the  Oberhutte  transforming  sub-station  to  the  Krug- 
hiitte  power  house.  Spark-gaps  are  used  for  protecting  the  outgoing 
10,000-volt  cables,  the  lead  sheathing  of  which,  as  well  as  the  steel 
armouring,  arc  electrically  connected  throughout  their  entire  length. 

From  the  3,000-volt  ring  busbars  feeding  cables  are  run  to  the 
neighbouring  smelting  and  Bessemer  works.  The  principal  plant  here 
consists  of  three  Lahmeyer  125- H. P.  3,000-volt  motors  for  driving  the 
blowers  of  the  Kupferkammer  blast  furnaces.  Fourteen  23-B.H.P. 
55o*volt,and  six  lo-B.H.P.  55o-volt  motors  are  used  for  driving  pumps, 
moulding  and  sifting  machines,  and  for  the  various  workshops.  At 
the  same  time  cables  arc  run  from  the  same  3,000-volt  bars  to  the 
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Gottesbelohnung  works,  where  3-phase  current  is  used  for  driving  the 
furnace  blowers,  tlie  grinding  and  rolling  machines,  the  workshops, 
and  for  lighting  purposes. 

Electrical  Equipment  at  the  Hermann  Pit, — A  complete  diagram  of 
connections  of  the  installation  at  the  Hermann  pit  is  given  in  Fig.  3. 
This  forms  the  most  interesting  part  of  the  equipment  of  the  group  of 
mines,  including,  as  it  does,  an  electrical  main  shaft  winding  plant. 
Power  is  obtained  from  the  Krughiitte  central  station,  over  two  3,000- 
volt  3-phase  underground  cables,  each  with  a  cross-section  of  75  sq. 
mm.  The  3-phase  motors  replacing  the  steam-driven  ventilatc»^ 
winches,  centrifugal  pumps,  workshop  tools,  and  the  continuoiK- 
current  dynamos  for  lighting  require  no  special  mention,  l>eing  of  the 
ordinary  Siemens-Schuckcrt  3-phase  induction  type,  with  liquid 
starters.  The  winding  plant  is  on  the  well-known  Siemens- IlgnG^ 
system,  in  which  a  motor-generator,  provided  with  a  heavy  flj^ivheel, 
is  used  for  equalising  the  load,  and  the  control  of  the  continuous- 
current  winding  motor  is  effected  by  variations  of  the  excitation  of  the 
continuous-current  generator  forming  part  of  the  flywheel  set. 

The  advantages  of  this  method  of  control,  which  is  a  modification  of 
the  Ward- Leonard  system  for  this  class  of  work,  lie  not  only  in  the 
good  efficiencies  obtainable  at  all  speeds,  but  in  the  fact  that  "  re- 
generative-making"  may  be  taken  advantage  of  and  power  returned 
to  the  flywheel  set.  The  speed  of  the  winding  motor  corresponds 
definitely  to  the  position  of  the  control  lever,  and  an  acceleration  or 
braking  effect  is  produced  according  as  the  lever  is  moved  from  a 
position  corresponding  to  a  higher  or  lower  speed,  and  is  independent 
of  the  amount  of  load  on  the  machine,  or  whether  the  cage  is  ascending 
or  descending. 

The  controlling  apparatus  itself  is  only  required  to  carry  the  rela- 
tively small  excitation  current  of  the  generator,  which  is  not  more  than 
2  to  3  per  cent,  of  its  output.  The  arrangement  of  connections  of  the 
winding  gear  is  clearly  shown  in  Fig.  3. 

The  speed  of  the  motor-generator  varies  from  about  12  per  cent. 
to  15  per  cent.,  as  the  rotating  masses  absorb  or  give  out  power  ; 
and  to  enable  the  3-phase  motor  to  absorb  practically  constant 
current  from  the  line  an  automatic  regulator  actuated  by  relays  is 
used,  which  cuts  resistances  in  and  out  of  the  rotor  circuit  as 
required. 

The  general  particulars  of  the  winding  plant  at  the  Hermann  pit 
are  as  follows  :  Output,  760  tons  per  8  hours*  shift ;  depth,  366 
yards,  to  be  extended  later  to  633  yards ;  number  of  trucks  per  cage,  4 ; 
effective  load,  4,930  lbs.  ;  maximum  rope  speed,  1,180  ft.  per  minute, 
to  be  increased  later  to  2,340  ft.  per  minute.  A  Koepe  pulley,  16  ft.  6  in. 
diameter,  is  used  with  a  rof>e  15  in.  in  diameter.  The  flywheel  set  is 
driven  by  a  3-phase  3,00 3- volt  induction  motor,  rated  at  320/292  H.P.> 
and  running  at  a  maximum  speed  of  493  revs,  per  minute.  The  con- 
tinuous-current generator  is  wound  for  a  maximum  voltage  of  400  volt» 
and  an  output  of  1,440  amperes.     The  winding  motor  can  work  up  to 
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(y(}$  B.H.P.  at  400  volts  at  a  speed  of  38*5  revs,  per  minute.  The  total 
energy  stored  in  the  flywheel  is  140,000  metre  kilogrammes,  which  is 
more  than  enough  to  complete  the  wind  should  the  current  supply 
fail.     Tiie  set  has  been  at  work  since  April,  1905. 

An  important  item  of  the  equipment  is  the  depth  indicator,  with 
which  is  combined  a  safety  gear.  The  principle  of  the  safety  apparatus 
consists  in  the  use  of  a  cam-wheel,  the  movement  of  which  is  synchro- 
nous with  that  of  the  indicator,  and  which  controls  automatically  the 
position  of  the  control  lever,  and  consequently  the  speed  of  the  cage, . 
during  the  whole  time  of  the  wind.  This  cam  is  composed  of  two  discs 
mounted  upon  the  same  shaft,  each  corresponding  to  one  direction  of 
working.  Their  speed  of  rotation  is  such  that  they  make  one  complete 
revolution  per  wind.  The  control  lever  is  connected  to  rollers  which 
press  against  the  profile  of  the  cams  when  the  driver  moves  the  lever. 
The  variations  in  the  profile  of  the  cams  limit  the  distance  through 
which  the  driver  can  move  his  lever,  according  to  the  position  of  the 
cage  in  the  shaft.  At  the  beginning  of  the  wind  the  driver  moves  his 
lever  in  the  required  direction,  but  without  being  able  to  pass  the 
position  fixed  by  the  corresponding  cam.  The  winder  starts  and 
attains  the  speed  corresponding  to  this  position,  the  cam-wheel  rotiites 
simultaneously,  and  allows  of  the  lever  being  further  advanced,  so  that 
the  speed  is  increased,  and  so  on,  until  the  maximum  is  reached.  The 
form  of  the  cam  thus  determines  the  rale  of  acceleration.  The  driver 
is  always  able  to  draw  back  his  lever  for  reducing  the  speed.  If  he 
forgets  to  do  this  at  the  right  time  towards  the  end  of  the  wind,  the 
lever  is  returned  automatiailly  by  the  cam,  and  the  speed  of  the  winder 
is  retarded  at  a  prescribed  rate.  The  cam  is  of  such  a  form  that  at  the 
part  corresponding  to  the  end  of  the  wind  it  returns  the  control  lever 
automatically  so  far  back  that  the  speed  falls  to  quite  a  small  value, 
but  from  this  instant  the  profile  is  concentric  with  the  axis  of  the  disc, 
so  that  the  driver  is  able  to  use  this  slow  speed  in  the  neighbourhood 
of  the  pit  bank  for  the  purpose  of  carrying  out  the  necessary  banking 
operation  at  low  speed  up  to  the  moment  when  the  cage  passes  the 
bank«  At  this  instant  the  profiU  of  the  cam  makes  an  abrupt  change 
and  rapidly  returns  the  control  lever  to  the  "  off  "  position.  At  the 
same  time  a  stop  works  upon  an  unlocking  gear  at  the  end  of  the  run, 
which  immediately  puts  on  the  siifety  brake,  and  the  winding  engine, 
which  has  already  been  slowed  down,  is  brought  entirely  to  rest.  It  is 
thus  seen  that  the  safety  apparatus  compels  the  driver  at  each  wind  to 
adhere,  whatever  the  load,  to  the  rate  of  working  which  has  been  pre- 
scribed. It  in  no  way  interferes  with  the  driver  so  long  as  he  operates 
the  levers  correctly,  but  in  every  case  resists  an  attempt  to  move  them 
wrongly.  The  absolute  security  ensured  by  this  apparatus  has  been 
recognised  by  the  Inspection  Commission  for  winding  men,  in  the 
mining  district  of  Dortmund,  who  have  given  permission  for  the  speed 
of  winding  to  be  raised  from  6  metres  per  second,  the  maximum 
hitherto  allowed,  to  10  metres  per  second  when  winding  men. 
The  actual  working  results  obtained  at  the  Hermann  pit  over  the 
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first  six  months  of  last  year  arc  given  in  curves  in  Figs.  4  and  5  and  in 
Tabic  II.,  which  show  the  electrical  costs  per  B.H.P.-hour  at  per  kilo- 
metre-ton. These  are  compared  with  the  costs  of  steam  winding  at 
the  Niewandt  and  Zirkel  pits  under  similar  circumstances.  These 
curves,  obtained  from  actual  data,  are  very  valuable  in  illustrating  the 
increased  economy  obtainable  by  the  substitution  of  electricity  for 
steam  for  main  shaft  winding.  It  must  be  borne  in  mind  that  the  cost 
given  in  tK)th  cases  is  for  the  value  of  the  actual  energy  consumed,  and 
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docs  not  in  cither  c.isc  cover  incidental  expenses  incurred  (hirinjL»  the 
six  months. 

A  second  shaft  is  at  present  being  sunk,  and  for  this  purpose  a 
iSo-H.P.  Lahmevcr  500- volt  3-phasc  motor  has  been  erected  for  the 
working  of  a  temporary  cage. 

The  Zirkel  Pit, — The  second  electrically  equipped  mine  of  import- 
ance is  the  Zirkel  pit.  This  pit  lies  outside  the  actual  cable  ring,  and 
obtains  its  current  from  3-core  cables  tapping  the  io,ooo-volt  busbars 
in  the  switch  house,  referred  to  already,  which  is  connected  to  both  the 
Krughijlte  and  Kupferkanuner  stations.     Oil  cooled  transformers  at  the 
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pit  mouth  transform  the  incoming  10,000  volts  down  to  the  working 
pressure  of  3,000  volts.  At  this  pressure  the  current  is  taken  down  the 
shaft  of  the  pit,  a  distance  of  over  2,200  ft.,  by  means  of  a  3-core  cable 
of  35  sq.  mm.  (0*077  cross-section).  At  the  fifth,  and  at  present  lowest, 
seam  there  is  another  Lahmeyer  transformer,  which  further  reduces 
the  pressure  of  one  circuit  to  500  volts.  With  this  pressure  the  four 
3-phase  star-connected  30-B.H.P.  Lahmeyer  motors  for  working  under- 
ground roadways  are  driven. 
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The  working  results  of  the  longest  roadway  (approximately  1,100 
yards)  are  shown  in  the  form  of  curves  in  Fig.  6  and  in  Table  III.  in 
comparison  with  the  cost  per  kilometre-ton  for  the  last  six  months  of 
working  with  the  original  compressed-air  plant.  The  economy  eflfected 
by  the  electrification  of  these  roadways  is  clearly  shown.  The  capital 
outlay  in  this  case  was  not  very  high,  as  no  radical  change  had  to  be 
made  in  the  actual  endless  chain-driving  machine  and  gear.  The 
motors  and  driving  machines  are  geared  with  a  ratio  of  i :  16. 

The  output  of  the  largest  ventilating  fan  in  the  Zirkel  pit,  which  is 
used  for  circulating  air  in  the  fourth  seam,  has  an  output  of  4,000  cubic 
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metres  per  minute  when  working  against  a  pressure  of  loo  mm.  of 
water.  The  diameter  of  the  blades  is  lo  ft.  This  fan  is  driven  through 
a  belt  by  means  of  a  3,000- volt  185-B.H.P.  3-phase  Lahmeyer  motor  at  a 
speed  of  600  revs,  per  minute.  In  the  same  machine-room  is  erected 
a  30-B.H.P.  500- volt  3-phase  Lahmeyer  motor  for  driving  a  centrifugal 
pump  used  for  pumping  the  incoming  water  up  to  the  storage  tanks 
placed  overbank  at  the  surface.  There  are  also  three  small  ventilators 
of  the  Rateau  type  driven  by  30- H. P.  500- volt  3-phase  motors. 

The  motors  for  the  sawmill,  workshops,  etc.,  at  the  surface  are 
worked  at  a  pressure  of  500  volts.  A  third  oil  transformer,  with  an 
output  of  loo-kilovolt  amperes,  has  been  erected  for  this  purpose  in  the 
pit,  transforming  the  10,000  volts  down  to  500  volts  for  the  motors  and 
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to  100  volts  for  lighting  purposes.  The  working  costs  and  steam  con- 
sumptions per  B.H.P.  and  kilometre-ton  are  shown  in  Figs.  4  and  5 
and  Table  IV.  in  comparison  with  the  cost  for  electrical  winding  at 
the  Herm.mn  pit. 

Hohcnihal  P/7.— Current  for  the  supply  to  this  pit  can  be  taken 
cither  from  own  generating  plant  or  from  the  ring  main. 

The  first  move  at  the  Hohenthal  pit  was  the  electrification  of  the 
underground  roadways,  which  until  recently  were  driven  by  com- 
pressed  air  supplied  from  a  steam-driven  compressor.  The  cost  of 
this  method  of  working  is  very  high,  amounting  to  approximately 
3-8d.  per  B.H.P.  against  o'Syd.  when  driven  electrically.  The  electri- 
fication has  been  carried  out  by  using  the  flywheel  of  the  air  engine  as 
the  belt-driven  pulley  of  the  3-phase  100- B.H.P.  3,000- volt  motor.  In 
all  other  re^pcctb  the  engine  remains  unchanged,  with  the  result  that  the 
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roadways  can  still  be  driven  with  the  air  engine  should  the  necessity 
arise.  The  underground  ventilators,  which  were  also  steam-driven, 
have  now  been  coupled  up  to  two  lo-B.H.P.  500-volt  3-phase  motors. 
The  boring  machines,  as  well  as  the  workshops  at  the  surface,  are  also 
electrically  driven. 

There  was  every  cause  to  believe  that  an  inriish  of  water  would 
shortly  take  place  in  this  pit,  and  for  this  reason  a  complete  3 -phase 
generating  plant  had  been  erected  for  supplying  power  to  the  elec- 
trically-driven pumps,  which  are  now  being  erected  at  a  depth  of 
approximately  2,000  ft.  The  dimensions  of  the  underground  pump- 
room  are  32  x  10  x  8  metres,  and  it  contains  two  pumping  sets,  each 
consisting  of  a  twin  cylinder  plunger  pump,  with  the  rotor  of  its  motor 
mounted  on  the  shaft  between  the  two  cranks.  The  output  of  each 
pump  is  15  cubic  metres  per  minute  when  working  against  a  head  <rf 
160  metres.  The  3-phase  motors  are  of  Messrs.  Siemens  Schuckert's 
standard  type,  each  designed  for  a  continuous  output  of  650  B.H.P.,  and 
they  run  at  a  speed  of  90  revs,  per  minute  on  the  3,000- volt  50- rsj  circuit 

The  above-mentioned  "inrush  of  water"  came,  but  unfortunately 
not  in  the  place  where  it  was  expected,  as  there  is  no  connection 
between  the  Hohenthal  and  Zirkel  pits  except  through  the  fourth  seam. 
Should  the  water  rise  to  the  height  of  300  ft. — ^and  this  is  probable 
— then  the  pumping  station  at  this  pit,  with  its  total  output  of  45,000 
litres  per  minute,  can  be  made  use  of. 

The  Vitzum  and  Paul  Pits. — ^At  these  pits,  both  of  which  are  still  in 
the  process  of  being  sunk,  current  is  now  being  used  for  sinking 
operations  and  for  hauling  purposes.  The  complete  plant  when 
finished  will  be  electrically  driven  upon  the  same  principle  as  the 
Hermann  pit. 

The  Niewandl  and  Edward  Pits. — No  great  change  in  the  method  of 
working  is  to  be  expected  at  these  pits,  as  both  will  be  completely 
worked  out  in  the  course  of  a  few  years.  Three-phase  current,  how- 
ever, is  used  for  driving  the  workshop  motors  and  continuous  current 
for  lighting  purposes. 

In  conclusion,  the  author's  thanks  are  expressed  to  the  directors 
of  the  Mansfeld  Copper  Mining  Company  for  permission  to  describe 
the  detailed  working  of  their  undertaking  and  for  having  kindly  given 
him  access  to  all  the  pits  and  works  of  the  Company. 
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ELECTRICITY  AND   MATTER,   WITH   SOME 
ACCOUNT  OF   RADIATIONS. 

By  Laurence  H.  A.  Carr,  B.Sc.Tcch.,  Student. 

{Paper  read  be/ore  the  Sn^ dents'  Sbction   at  Manchester,  December 

17,  1907.) 

As  members  of  a  scientific  Institution,  such  as  this  is,  and  as  scientific 
men,  all  new  discoveries  with  regard  to  the  fundamental  theories  of 
matter — from  the  phenomena  associated  with  which  we  deduce  our 
sciences— must  be  of  great  importance  to  us. 

And  this  importance  is  increased  when  we  recollect  that  this  new 
theory  which  has  arisen  not  only  gives  us  a  fresh  idea  of  the  constitution 
of  matter,  but  also  of  electricity,  and  forms  a  new  foundation  for  the 
science  which  we  profess,  yet  not  weakening  the  old  basis,  but  rather 
reinforcing  it. 

The  old  idea  of  a  molecule  was  and  is  still  correct — "  the  smallest 
weight  of  matter  in  which  the  original  properties  of  the  matter  are 
retained."  A  molecule  is  composed  of  a  combination  of  the  atoms 
of  its  constituent  elements.  This  is  text-book  chemistry  that  is  well 
known.  But  the  new  theory  states  that  the  atoms  are  not  absolutely 
ultimate  and  indivisible.  Certainly  an  atom  of  hydrogen  is  the  smallest 
particle  of  hydrogen  that  can  exibt  (either  in  the  free  or  combined  state) 
as  hydrogen,  but  it  is  built  up  of  smaller  non-hydrogenic  particles. 
These  ultra-atomic  particles  are  called  by  various  names.  I  here  use 
the  term  "  corpuscles,"  as  the  word  **  electrons,"  which  is  often  used, 
is  applied  rather  loosely  by  some  people  to  various  sub-atomic 
combinations. 

An  atom,  as  we  conceive  it  to  be,  is  built  up  of  a  number  of  separate 
corpuscles,  and  is  thus  granular  in  character.  The  number  of  corpuscles 
seems  to  be  approximately  2,000  per  unit  of  atomic  weight.  Thus  the 
atom  of  hydrogen  contains  about  2,000  corpuscles,  that  of  oxygen  at>out 
32,000,  and  so  on.  And,  so  far  as  we  know,  the  corpuscles  out  of  which 
m  hydrogen  atom  is  built  up  are  identically  the  same  as  the  corpuscles 
out  of  which  an  oxygen  atom  is  built  up.  This  is  not  all  however. 
These  corpuscles  are  particles  of  negative  electricity. 

Now  it  is  generally  considered  that  a  current  flows  from  the  positive 
to  the  negative  pole  of  a  dynamo  via  the  external  circuit  ;  but  this  is 
wrong.  The  current  really  moves  in  the  other  direction — that  is  to  say, 
negative  electricity  is  the  electricity.  An  electric  current  is  thus  the 
passage  of  a  number  of  small  granules  of  electricity  (I  use  the  word 
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"granules"  for  want  of  a  better  term),  so  that  the  old  idea  of  electricity 
as  being  material  is  not  so  far  wrong,  though  the  particles  are  not 
material,  but  rather  ultra-material.  And  the  corpuscles  that  go  to  build 
up  an  atom  arc  exactly  the  same  as  the  corpuscles  that,  moving,  form 
an  electric  current. 

These  corpuscles  alone,  however,  do  not  constitute  the  atom.  In 
addition  to  them  there  is  a  so-called  sphere  of  positive  electricity  or 
electrification,  the  exact  nature  of  which  is  unknown,  which  just 
balances  the  electrical  charge  of  the  negative  corpuscles  so  that  the 


O  o  o 


Fig.  I. 

atom  as  a  whole  is  neutral.  This  sphere  of  positive  electricity  binds 
the  corpuscles  together,  as  otherwise  they  would,  of  course,  rei>el  each 
other  and  scatter. 

The  atom  is  thus  complete  in  itself  (except  under  conditions  to  be 
stated  later)  and  does  not  tend  to  change  in  any  way,  no  outside 
mechanical  force  breaks  it  up,  and  only  certain  electrical  (or  chemical) 
forces  affect  it.  It  is  thus  somewhat  similar  to  the  constitution  of  the 
molecule,  although  built  of  smaller  particles,  which  similarly  does  not 
change  except  under  special  conditions. 

It  is  essential  to  get  a  clear  idea  of  this  constitution  of  the  atom. 
The  best  illustration  known  is  J.  J.  Thomson's  now  classical  expert- 
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ments  with  floating  magnets.    Only  it  must  be  remembered  that  the  * 
atom  exists  in  3  dimensions,  while  the  experiments  to  be  described 
are  only  in  2  dimensions. 

Thomson  employed  a  number  of  magnets  fixed  in  cork  and  weighted 
so  as  to  float  vertically,  all  similar  poles  pointing  upwards.    The  sphere 

Table  I. 
Magnet  Systems  or  Model  Atoms. 


Noinbcr  of  Magnets. 


Number  in  successive  rings 


61 

41 

20 

16 

16 

'3 

13 

9 

9 

3    1 

3 

—    1 

25 

13 

9 

3 


of  positive  electrification  was  represented  by  a  large  pole  of  opposite 
sign  suspended  above  the  water. 

Experiments  were  tried  with  numbers  of  magnets  from  two  upwards, 
and  it  was  found  that,  when  allowed  to  settle,  these  magnets  came  into 
certain  definite  positions  with  regard  to  each  other  (Fig.  i). 

Up  to  a  certain  number  these  floating  magnets  form  one  ring  ;  then 
they  form  two  sets  or  rings  ;  then  again,  as  the  number  is  increased,  they 

Table  II. 
The  First  Table  of  the  Periodic  Law, 


I.      I      II. 

Hi  — 

L7       ,  Be9 


III 


IV. 


VI. 


VII. 


VIII 


Bii 


C12   I  N  14     O16    I  Fl  19  — 

I 


I     3       Na23     Mg24     AI27     Si28  j  F31  S32     |  01355        — 

I  '  '  *  '(Fe56 

4    I  K39     '  Ca4o        —        Ti48    V51  Cr  52  '  Mn55    ^0059 

I  'N'59 


form  three  rings  and  so  on.  We  can  thu^  obtain  a  group,  each  member 
of  which  is  formed  from  the  preceding  one  by  the  addition  of  a  fresh 
ting  of  magnets  (or  corpuscles  which  they  represent) — Table  I. 
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Now  these  represent,  on  a  small  and  simplified  scale,  atoms  (of 
course,  these  models  are  plane  atoms,  not  3*dimensioned  ones  such  as 
really  exist).  The  atomic  weight  of  these  atoms  in  this  model  universe 
we  are  imagining  would  be  6i,  41,  25,  12,  3. 

Now  let  us  turn  for  a  while  to  MendeleefiPs  periodic  law.  Table  II. 
shows  the  table  of  the  law  as  first  laid  down  by  Mendelee£F,  showing 
but  24  of  the  elements  in  their  positions. 

Table  III.  shows  the  latest  table  as  drawn  up  by  Mendelee£F  in  1904, 
some  few  elements  as  terbium  (160),  thulium  (171),  and  other  rare 
elements  being  omitted,  as  the  correct  space  they  should  occupy  is  as 
yet  undetermined. 

Now  several  relationships  are  expressed  in  this  law. 

First,  it  indicates  that  elements  in  the  same  vertical  column  have  to 
a  large  extent  similar  properties.  This  is,  no  doubt,  well  known  ;  for 
example,  the  halogen  family,  which  are  all  in  column  VII.  of  the  table, 
have  many  properties  in  common  which  increase  or  decrease  in  intensity 
as  their  atomic  weight  increases  (such,  for  example,  as  boiling-point, 
solubilities,  combining  powers,  etc.). 

Now,  in  our  model  atom  these  elements  correspond  to  such  a  scries 


Table 

IV. 

Dobcreincr's 

Triads. 

(Atomic  Weights.) 

Chlorine 

...      35-4            1 

Model  Element  A 

...     61 

Iodine    ... 

...       I26« 

2  j  162*2 
~  8ii 

»>                          M 

c 

...     25 
2)86 

43 

Bromine 

...       800 

M                              »» 

B 

=    41 

as  61,  41,  25  before  mentioned,  each  of  which  is  a  replica  of  the  bst, 
with  an  additional  ring  around  it. 

This,  at  any  rate,  points  to  an  explanation  of  these  recurring 
phenomena.  For  if  a  bromine  atom  is  exactly  the  same  as  a  chlorine 
atom,  with  an  extra  spherical  layer  (or  layers)  of  corpuscles,  then  it  is 
natural  for  the  properties  of  the  two  to  be  greatly  similar. 

Another  relation  often  mentioned  in  chemical  text-books  is  the 
Triads  of  Dobereiner  (Table  IV.). 

Thus,  if  three  similar  elements — chlorine,  bromine,  and  iodine— be 
taken,  the  arithmetical  mean  of  the  atomic  weights  of  the  extremes 
is  just  a  little  greater  than  the  atomic  weight  of  tlic  intermediate 
clement. 

Thib  similarity  between  the  two  calculations  when  the  mean  of  the 
two  outer  elements  is  not  quite  equal  to,  but  is  a  little  greater  than 
the  atomic  weight  of  the  intermediate  element,  is  very  striking.  And 
this  is  equally  true  if  we  take  other  chemical  triads,  as  calcium,  stron- 
lium,  and  barium,  or  sulphur,  selenium,  and  tellurium,  and  also  for 
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other  sets  of  numbers  representing  model  atoms,  these  numbers  being 
experimentally  obtained  by  the  method  above  outlined. 

It  cannot  be  too  strongly  pointed  out  that  before  this  theory  came 
into  existence  it  was  realised  that :  "  The  properties  of  the  elements,  as 
well  as  the  properties  of  their  compounds,  form  a  periodic  function  of 
the  atomic  weights  of  the  elements." 

I  quote  the  above  sentence  word  for  word  from  Newth's  Inorganic 
Chemistry,  published  in  1899,  before  radium  and  its  properties  were 
discovered. 

Now  another  property  of  this  periodic  law  is  that  it  divides  the 
elements  off  into  groups  of  valency  (Table  V.). 

Table  V. 
Valencies, 


Group. 

0 

I 

2 

1 

3 

4        >        5 

1 

6 

R.O, 

" 

Oxygen         ) 
compound 

None 

R,0 

R,0, 

RA 

1 

RaO,    R,05 

R,0, 

Hydrogen     / 
compound 

Chlorme       ) 
compound  ) 

None 
None 

RCl 

RCl, 

'  RC13 

1 

RH, 
RCl, 

RH3 

RH, 

RH 

There  are  many  exceptions  to  this  rule  ;  still  it  holds  sufiRciently  to 
be  remarkable,  and  is  pointed  out  in  all  elementary  chemical  text- 
books. Now,  let  us  see  what  our  model  atoms  can  show  us  on  the 
subject. 

The  series  shown  in  Table  VI.  give  all  the  configurations  that  can 
have  an  outer  ring  of  20  magnets.  The  total  number  of  magnets  in  the 
configuration  is  from  59  to  67. 

Table  VI. 
Series  of  Model  Atoms  with  Outer  Ring  of  20. 


Total  NiMMbcr  of  Magnets. 

5^     v5^ 

61  1  62 

63 

64 

65 

fi6 

^7 

20 

20 

20  ■  20 

1 

20 

20 

20 

20 

2{> 

16 

16 

16  1  17 

17 

17 

»7 

17 

17 

Number   in    socccsbive 
rings ^ 

13 

13 

13     13 

13 

13 

14 

14 

»5 

8 

8 

9      9 

10 

10 

10 

10 

10 

1 

2 

3 

3  i    3 

3 

4 

4 

5 

5 

This  wc  may  take  to  represent  a  series  across  the  table  of  the  law. 
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Now  element  59  is  very  unstable,  while  67  is  the  most  stable. 
Element  59  will  easily  lose  one  corpuscle,  when  it  will  acquire  a 
positive  charge,  as  the  positive  electricity  it  previously  possessed  was 
just  enough  to  balance  the  59  corpuscles. 

Note  that  it  would  not  then  form  an  atom  of  element  58,  as  clement 
58  has  only  enough  positive  electricity  to  balance  58  corpuscles,  not  59. 

Element  60  would  less  easily  lose  a  corpuscle  and  so  on  across  the 
table,  while  at  the  other  side  clement  67  is  so  stable  that  it  would  not 
only  with  great  difficulty  lose  a  corpuscle,  but  it  could  actually  gain  one 

The  case  of  59  is  peculiar.  Thus  it  would  easily  lose  a  corpuscle, 
as  before  stated,  but  then  the  configuration  would  be  as  58  (with, 
of  course,  an  additional  quantity  of  positive  electricity),  which  is  very 
stable,  and  tends  to  receive  a  corpuscle  in  the  same  way  as  67,  the 
element  above  it,  added  to  which,  of  course,  it  has  the  now  unbalanced 
positive  charge  on  it,  so  that  it  attracts  the  corpuscle  back  again. 
Hence  this  element  belongs  to  the  zero,  or  inert  group  of  elements. 

Now,  if  element  60  loses  a  corpuscle,  it  does  not  tend  to  at  once 
draw  it  back  again,  as  it  is  then  in  a  59  position,  which  is  still  a  losing 
corpuscle  position. 

Suppose,  then,  that  elements  similar  to  60  and  67  come  together. 

Element  60  easily  loses  a  corpuscle. 

Element  67  easily  gains  one. 

If,  then,  a  corpuscle  passes  across  from  60  to  67,  one  has  left  an 
excess  of  positive,  the  other  an  excess  of  negative  electricity,  and  the  t , 
two  attract  one  another  and  stick  together  firmly.    We  thus  have  two ) 
atoms  forming  a  molecule  of  a  compound. 

Generally  speaking,  the  elements  on  the  left  represent  electro- 
positive elements  (that  is.  they  easily  lose  a  particle  of  negative  elec- 
tricity), and  on  the  right  electronegative  elements  (^thal  is,  they  easily 
obtain  an  extra  unit  of  negative  electricity).  This  is,  of  course,  a  very 
elementary  system  of  atoms,  and  must  only  be  taken  as  indicating  the 
method  of  the  combination  of  elements. 

In  the  case  of  elements  as  they  exist  we  are  dealing  with  aggrega- 
tions of  not  50  or  60  units,  but  of  50  or  60  thousand  corpuscles,  and  we 
would  get  a  table  reading  something  like  59,000,  60,000,  61,000,  etc.,  so 
that  an  clement  may  not  only  lose  one  corpuscle,  but  if  very  unstable 
(comparatively  speaking,  of  course),  as  60,000  it  may  lose  not  only  one 
but  as  many  as  four  corpuscles.  One  a  little  more  stable,  as  61,000,  may 
only  readily  part  with  three  corpuscles,  and  in  this  way  we  obtain  the 
dilTercnt  valencies  of  the  elements  as  we  go  across  the  table.  Also,  we 
may  have  a  collection  of  corpuscles  in  an  atom  that  will  readily  part 
with,  say,  either  two  or  four  of  its  members.  This  would  give  an 
element  with  two  valencies — for  insUnce,  copper. 

The  mathematical  difficulties  concerning  a  collection  of  several 
thousand  of  these  corpuscles  arranged  spherically  have  not  yet,  how- 
cr\'er,  been  overcome,  so  we  cannot  postulate  definitely  the  properties  of 
these  collections. 

Sir  Oliver  Lodge,  in  his  book  on  *•  Electrons,"  says  :  "  A  proof  that 
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^'  the  atom  of  matter  is  essentially  composed  of  such  electrons  (that  is, 
corpuscles)  ...  is  lacking.  The  electromagnetic  theory  of  matter, 
unlike  the  electrotomic  theory  of  light,  must  be  regarded  for  the 
present  as  no  better  than  a  working  hypothesis.  It  is  a  hypothesis 
of  stimulating  character  and  of  great  probability,  but  its  truth  is  still 
an  of)en  question  that  is  probably  not  going  to  be  speedily  closed." 

To  return  to  our  molecule.  When  this  molecule  is  split  up  into  its 
constituents  again,  the  corpuscle  (or  corpuscles,  it  may  be)  that  went 
across  return  back,  and  leaves  us  the  two  atoms  that  we  started  with. 

It  is  probably  due  to  the  passing  back  and  consequent  motion  of 
this  corpuscle  that  the  extra  powerful  actions  of  nascent  oxygen  (as  in 
bleaching)  and  nascent  hydrogen,  etc.,  are  due.  This  motion  across  of 
the  corpuscles  also  explains  where  the  energy  that  is  absorbed  or  given 
out  in  a  chemical  reaction  goes  to  or  comes  from — it  is  electrical  energy. 
Also,  it  is  seen  that  chemical  affinity  is  really  electrical  affinity,  and 
hence  the  science  of  chemistry  is  only,  after  all,  that  of  electricity  in 
another  guise. 
/  There  is  one  thing  more  concerning  the  atom.  These  corpuscles 
'  are  all  in  motion  in  orbits  around  the  centre  of  the  atom,  and  the  dis- 
turbance of  the  ether  which  they  cause  when  revolving  at  a  certain 
speed  is  known  to  us  as  light,  and,  of  course,  the  atoms  being  set  to 
each  other  at  all  angles,  we  get  the  light  vibrations  off  in  planes  at  all 
angles — that  is,  the  light  is  not  polarised. 

The  study  of  light,  however,  as  influenced  by  the  electric  theory  of 
'matter,  is  a  subject  by  itself,  and  I  do  not  intend  to  enter  into  it  here. 
It  seems  obvious  (as  a  matter  of  fact  it  has  been  proved)  that  atoms  of 
the  same  group,  or  vertical  column  in  our  tables,  ought  to  have  related 
spectra  in  virtue  of  their  similar  constitution.  That  the  spectra  of 
metals  of  the  same  group  are  related  is  an  experimental  fact 

We  may  imagine  any  of  the  groups  shown  in  Fig.  i  to  be  rotating, 
and  in  most  cases  this  will  merely  have  the  effect  of  increasing  the 
distance  of  each  unit  from  the  centre.  In  certain  cases,  ho'wever, 
where  there  are  two  forms  shown  for  the  same  number  of  magnets 
or  corpuscles,  it  can  be  shown  that  the  speed  of  revolution  will  decide 
which  configuration  will  exist. 

As  regards  the  dimensions  of  the  atom  and  its  constituents.  The 
linear  dimension  of  an  atom  (the  radius)  is  probably  about  one  ten 
millionth  of  a  millimetre,  while  a  corpuscle  only  measures  some 
one  hundred  thousandth  of  that.  The  mass  of  each  corpuscle  is 
somewhere  between  ^'^  and  ytjtyu  o(  that  of  a  hydrogen  atom. 
Later  results  seem  to  show  that  the  smaller  value  is  more  nearly  correct 
The  mass  of  the  atom  is,  as  far  as  is  known,  made  up  of  the  sum  of  the 
masses  of  its  constituent  electrons. 

Now  I  want  to  re-define  the  old  idea  of  amperes  and  coulombs- 
When  dealing  with  power  we  have  been  accustomed  to  consider 
amperes  as  the  more  fundamental  unit,  and  coulombs  as  merely  a  pro- 
duct of  amperes  and  seconds.  Electromagnetic  phenomena,  too,  have 
been  considered  in  relation  to  the  ampere. 
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That  is,  I  ampere  has  a  certain  definifc  magnetic  effect.  (I  pur- 
posely use  the  practical  and  not  the  absolute  units  for  discussion  here, 
so  as  the  better  to  fix  our  ideas.)  But  a  coulomb  we  know  to  be  a 
certain  definite  quantity  of  electricity,  just  a  certain  number  of  cor- 
puscles, whether  at  rest  or  in  motion. 

An  ampere  is  just  the  rate  of  flow,  that  is,  the  passage  of  electricity 
at  the  rate  of  i  coulomb  or  x  corpuscles  every  second.  That  is, 
coulombs  exactly  correspond  to  gallons  of  water  flowing  in  a  pipe, 
coulombs  being  composed  of  x  corpuscles  in  the  same  way  that  a 
gallon  of  water  is  composed  of  x  molecules,  and  amperes  directly  cor- 
respond to  flow  in  gallons  per  second. 

It  must  then*be  established  in  the  mind  that  the  magnetic  effects  are 
not  due  merely  to  the  passage  of  something  indefinite,  which  we  call 
**  an  ampere,"  but  arc  due  to  the  moving  coulombs,  and  are,  in  fact, 
dependent  on  the  momentum  of  the  coulomb,  that  is  to  say,  the 
momentum  of  all  the  corpuscles  together,  or  the  sum  of  the  mo- 
mentums  of  the  individual  corpuscles. 

From  this  point  of  view  it  is  easy  to  see  why  a  moving  sphere  carry- 
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Fig.  2. 

ing  a  charge  should  give  rise  to  electromagnetic  phenomena.  Also  a 
corpuscle  in  motion  will  give  rise  to  electromagnetic  effects. 

Now  we  know  of  no  such  thing  as  absolute  rest.  The  atoms  them- 
selves are  in  motion,  and  to  the  frequency  of  their  vibration  we  give  the 
name  "temperature."  The  corpuscles  in  the  atom,  too,  arc  in  motion, 
probably  in  elliptical  orbits  (and  the  fact  that  they  may  be  in  orbits 
which  are  not  circles  but  elUpscs,  adds  greatly  to  the  mathematical 
difficulties  of  the  subject).  This  means  that  the  corpuscles  will  exert 
electromagnetic  influences.  In  most  substances  there  is  no  external 
effect,  as  the  atoms  are  set  at  all  angles  to  each  other  ;  but  in  a  magnet 
these  are  polarised,  so  that  they  all  act  in  the  same  direction  (see  Fig.  2). 
Here  the  circumferences  of  the  circles  may  be  taken  to  be  the  effective 
radius  of  the  mean  corpuscle,  if  one  may  coin  a  term,  along  which  all 
the  corpuscles  of  that  atom  may  be  taken  to  be  revolving.  Obviously, 
inside  the  body  the  "  currents  "  neutralise  each  other,  and  there  is 
merely  the  effect  of  a  current  going  right  round  the  outside  of  the 
metals,  which  causes  the  magnetic  effects. 

Also,  if  the  nuterial  be  divided,  the  two  halves  naturally  both  behave 
as  magnets.  This  is,  of  course,  practically  the  same  as  Ampere's  theory 
of  molecular  currents— the  old  theory  of  magnet  i^m  in  iron — only  now 
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we  have  a  better  and  more  correct  idea  of  these  so-called  molecular 
^  currents.  Now  it  was  shown,  in  1 88 1,  by  J.  J.  Thomson  that  a  charged 
sphere  in  motion  must  have  a  certain  inertia,  due  to  the  electromagnetic 
field  it  would  create  by  its  motion.  And  by  having  extra  inertia,  it  will 
appear  to  have  an  increased  mass.  Now  this  increase  of  mass  is  very 
small  and  practically  negligible  unless  the  body  has  a  very  small  mas> 
compared  with  its  electrical  charge  and  a  very  high  velocity.  Now 
from  the  researches  of  Lenard,  Kaufmann,  Thomson,  and  others  wc 
are  able  to  actually  measure  e,  m,  and  v.  And  by  applying  Thomson  s 
calculation  to  the  values  obtained  for  e  and  v,  we  can  calculate  out  the 
apparent  mass  due  to  this  electrical  effect,  and  this  result  is  within 
a  few  per  cent,  of  the  value  obtained  by  measurement  of  m.  This  is 
true  of  particles,  or  corpuscles,  with  various  velocities  ;  as  the  velocity 
increases  so  does  the  apparent  mass. 

From  this  we  draw  the  remarkable  conclusion  that  the  mass  of  the 
corpuscle  is  due  to  its  charge  and  its  velocity ;  to  its  electromagnetic 
effect  on  the  ether,  or  as  some  authorities  express  it,  this  mass  is  due  to 
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the  "  bound  ether  "  which  is  carried  along  with  the  corpuscles.  And 
since  the  mass  of  the  atom  is,  as  far  as  wc  know,  entirely  composed  of 
the  sum  of  the  masses  of  its  constituent  corpuscles,  then  it  follows  thai 
the  whole  of  the  mass  of  matter  is  electrical  in  origin,  and  is  due  to  the 
drag  on  the  ether  by  moving  particles  of  electricity.  Thus  we  see  that 
the  inertia  of  matter  and  the  inertia  of  electricity,  or  self-induction,  as 
we  usually  call  it,  arc  really  one  and  the  same  thing. 

I  referred  just  now  to  a  moving  charged  sphere  as  having  a  mag- 
netic effect.  If  we  imagine  the  magnetic  effect  of  a  conductor  not  to 
be  due  to  i  ampere,  but  to  a  flow  of  i  coulomb  per  second,  wc  get  a 
better  idea  of  the  cause  of  this  magnetisation.  For  if  a  flow  of  i 
coulomb  per  second  causes  a  certain  magnetic  effect,  then  since  that 
coulomb  is  composed  of  a  number  of  corpuscles  (87  x  Io*^  to  he 
exact),  then  a  small  proportion  of  that  magnetic  effect  must  be  due  to 
each  of  those  corpuscles  when  in  motion,  so  that  any  corpuscle  in 
motion  produces  a  magnetic  field  around  it  as  it  travels. 

Consider  unit  length  of  a  conductor  of  cross-sectional  area    (sec 

Fig.  3). 

We  will  assume  the  simplest  case  of  an  electric  current — namely, 
where  it  is  simply  the  steady  uninterrupted  flow  of  corpuscles  from  the 
negative  to  the  positive. 
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Now  unit  length  (i  cm.)  of  this  conductor  will  have  a  certain  mag> 
netic  effect,  or  magneto-motive  force   M. 
Then  let— 

A  :=  crohS-scctional  area  of  conductor  in  square  centimetre, 
t^^  the  average  velocity  of  the  corpusclesT. 
m^the  individual    mass  of  each  corpuscle — apparent  mass, 

perhaps,  I  should  say. 
c  ^  clectric;il  charge  (in  coulombs)  of  each  corpuscle. 
1  ^  the  density  or  number  of  corpuscles  per  cubic  centimetre 
(the  number  of  free  corpuscles  per  cubic  centimetre  is 
constant  for  the  same  (solid)  substance). 
c:=  current  in  corpuscles  per  second. 
C:=  current  in  coulombs   per    second  —  that   is,  in   amperes, 

C  =  '  where  K  equals  87  x  10'® 

hence—  i 

Then  M,  the  M.M.F.,  is  proportional  to  the  sum  of  the  electrical 
momcntums  of  all  the  corpuscles  in  i  cm.  length. 

M  oc  the  whole  charge  of  the  corpuscles  per  unit 
length  X  their  velocity. 

M  ex  (A  X  I  X  A)  X  tf  X  f 

„*- 

Now  I',  the  velocity,  is  such  thai  c  the  current  =  v  x  corpuscles  per 
unit  length  in  corpuscles  per  second,  that  is — 

c  =  p  X  ( A  X  I  X  -^), 
and— 

Substituting  in  the  above  equation  this  value  for  v  we  get — 

that  is— 

M  =s  a  constant  x  C, 

or  the  magnetomotive  force  per  unit  length  of  conductor  varies  mciely 
as  C  the  current  in  coulombs  per  second,  or  amperes  as  we  usually 
term  it.  This,  of  course,  we  know  to  be  true.  So  although  the  m.ig- 
netic  effect  due  to  any  one  corpuscle  N-aries  as  its  speed,  and  is  hence 
dependent  on  the  area  of  the  conductor  and  the  density  of  corpuscles, 
yet  the  total  magnetic  force  is  always  the  same  as  long  as  a  quantity  of 
1  coulomb  passes  any  given  plane  per  second. 
Vol.  41.  61 
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The  conduction  of  electricity  in  a  solid  is,  however,  not  purely  a 
steady  passage  of  corpuscles  as  we  have  assumed  above,  but  is  really 
a  series  of  exchanges.  In  an  ordinary  solid  at  rest  (and  here  I  am 
talking  of  conductors,  not  insulators)  we  think  that  corpuscles  are  con- 
stantly straying  from  their  atoms,  and  after  a  short  journey  in  the 
metal,  finding  a  home  in  another  atom,  one  of  whose  corpuscles  ha^ 
also  gone  ofiF  on  a  roaming  expedition. 

Still,  however,  as  the  sum  total  of  all  the  corpuscles  is  constant,  and 
so  is  the  sum  total  of  the  positive  electrification,  the  piece  of  metal 
remains  uncharged. 

Now  if  we  apply  an  E.M.F.  to  the  ends  of  the  piece  of  metal,  these 
atoms  become  polarised  as  it  were,  and  all  the  corpuscles  leave  the 
atoms  in  the  same  direction  and  jump  into  the  next  one  in  the  chain, 
so  that  there  is  a  transference  of  electricity  from  the  negative  pole,  and 
hence  this  would  speedily  become  pnjsitively  electrified  were  it  not  sup- 
plied with  corpuscles  from  the  source  of  supply  of  the  E.M.F.  The 
corpuscles  have  a  very  short,  free  path  between  the  atoms  and  move 
along  it  with  a  very  high  velocity. 

The  subject  of  conduction  by  metals  was  treated  fully  by 
J.  J.  Thomson  in  his  lecture  before  the  Institution  in  February  last. 

In  insulators  the  corpuscles  do  not  readily  free  themselves  from 
their  atoms,  they  do  not  roam,  and  hence,  even  on  the  application  erf  an 
E.M.F.,  they  do  not  jump  across  from  one  atom  to  another,  and  so  no 
current  is  conducted.  Many  insulators,  as  paraffin  wax,  glass,  etc.,  do 
not  readily  enter  into  chemical  combination,  which  also  points  to  the 
same  conclusion. 

The  resistance  of  a  conductor  has  been  defined  as  **  the  property 
whereby  it  absorbs  the  kinetic  energy  of  the  corpuscles  and  converts  it 
into  heat." 

The  conduction  of  current  in  liquids  takes  place  in  quite  a  different 
manner  and  is  by  means  of  dissociated  atoms  or  ions. 

Earlier  in  this  paper  I  referred  to  chemical  combination,  in  >**tiich 
one  neutral  atom  lost  a  corpuscle  and  another  neutral  atom  gained  a 
corpuscle,  the  two  combining  chemically.  Now  suppose  by  some 
force  these  two  atoms  become  separated  without  the  transference  of 
the  corpuscle  back  again.  We  should  then  have  one  atom  having  a 
negative  charge,  and  another  having  a  positive  charge,  and  these  atom^ 
would  not  behave  as  ordinary  atoms  on  account  of  their  charges,  but 
until  they  had  lost  that  charge  they  would  not  exist  as  the  normal 
substance  of  which  they  were  an  atom. 

Now  such  a  force  as  the  one  1  have  described  is  water — just  ordinarv 
water.  If  a  very  weak  solution  of  hydrochloric  acid  is  made  up  the 
water  dissociates  nearly  all  the  molecules  of  HCl  and  splits  Ihem 
up  into  H  positively  charged  and  CI  negatively  charged,  and  these 
charged  atoms  are  known  as  *'  ions."  The  hydrogen  ion  is  positive, 
and  is  known  as  a  "cation"  (because  it  wanders  to  the  cathode  or 
negative  plate,  when  a  current  flows).  Similarly  the  chlorine  ion  is 
known  as  an  anion. 
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If  the  solution  is  made  stronger  the  number  of  molecules  dissociated 
is  greater,  but  not  in  proportion  to  its  concentration,  that  is  to  say,  the 
percentage  dissociation  is  less  with  greater  concentration. 

Under  the  influence  of  an  external  electric  force  the  cations  drift 
slowly  to  the  cathode  and  the  anions  to  the  anode,  the  total  current 
being  the  sum  of  the  two. 

These  ions  move  extremely  slowly,  so  that  for  every  ampere  or 
coulomb  per  second  which  passes  a  given  plane,  since  the  velocity  of 
the  electricity  is  slow  the  number  of  corpuscles  in  the  solution  must  be 
large. 

It  will  be  remembered  that  I  have  referred  to  the  expression — 

C  =  r  A  A, 

obviously  since  v  is  exceedingly  small  (being  but  a  fraction  of  a  centi- 
metre per  second)  A  x  A  must  be  larger — as  a  matter  of  fact  both 
A  and  A  are  larger,  for  with  copper  i,ooo  amperes  per  square  inch  is 
quite  common,  while  with  an  electrolyte  only  a  few  amperes  per 
square  inch  is  the  normal  density,  and  were  one  to  apply  such  a 
voltage  that  would  give  a  density  of  i,ooo  amperes  per  square  inch  to 
an  electrolyte  (worked  out  from  Ohm's  law)  the  current  would  arc 
across  through  the  electrolyte. 

The  extreme  slowness  of  the  corpuscles  in  an  electrolyte  is,  of 
course,  due  to  the  fact  that  they  are  not  free  corpuscles,  but  arc  tied  on 
to  the  large  mass  of  an  atom,  forming  an  ion  which  they  have  to  drag 
about  with  them.  When  an  ion  (either  positive  or  negative)  arrives  at 
the  electrode  it  yields  up  its  corpuscle  (if  negative),  or  takes  in  one  (if 
positive),  and  becomes  the  normal  atom  or  collection  of  atoms  ;  thus  if 
a  hydrogen  ion  is  under  consideration,  it  will  become  a  hydrogen 
atom,  and  united  mechanically  with  other  hydrogen  atoms  formed  in  a 
similar  manner,  forms  a  bubble  of  hydrogen  gas  which  escapes  into 
the  air.  If  it  is  an  SO4  ion  [as  in  a  solution  of  sulphuric  acid)  it  will 
cither  attack  the  electrode  when  it  is  dc-ionised,  if  of  Iciid  or  other 
corrosive  material,  or  else  decompose  a  water  molecule  forming 
bulphuric  acid  and  liberating  an  oxygen  atom  which  will,  when  enough 
atoms  have  collected,  be  given  oft*  as  a  bubble  of  gas. 

Though  the  magnetic  eftect  of  each  corpuscle  in  a  liquid  ib  far  less 
than  that  of  one  in  a  metal  conductor,  its  velocity  being  much  less,  yet 
the  total  magnetic  effect  will,  as  has  previously  been  explained,  be 
exactly  the  ;»ame  if  the  same  number  of  coulombs  per  second  be 
flowing.  That  this  is  actually  so  I  have  experimentally  proved.  My 
liquid  conductor  was  a  solution  of  common  washing  soda  in  a  wooden 
trough  2  in.  deep  x  2  in.  wide  x  24  in.  long  ;  al)ove  this  was  placed 
an  ordinary  compass,  and  above  this  at  a  distance  from  it  equal  to  the 
centre  of  the  liquid  conductor  was  placed  a  copper  wire.  The  whole 
arrangement  was  placed  in  the  magnetic  meridian,  so  that  when  unde- 
fleeted  the  needle  pointed  along  the  trough.  The  needle  was  deflected 
equally  whether  a  current  of  a  certain  number  of  amperes  was  sent 
either  through  the  liquid  or  through  the  copper  wire— only,  of  course, 
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in  opposite  directions — as  it  was  over  one  conductor  and  below  the 
other.  The  object  of  having  such  a  length  of  liquid  conductor  was  to 
eliminate  any  effect  due  to  the  leading-in  metallic  conductors,  which 
was,  of  course,  negligible  at  the  centre  of  the  trough.  Conduction  in  . 
gases  is  also  by  means  of  ions,  but  is  much  freer  than  with  liquids  as 
the  molecules  of  a  gas  not  being  packed  anything  like  as  closely  as 
those  of  a  liquid,  progress  of  the  ion  is  much  easier.  In  a  rarefied  gas, 
as  in  a  vacuum  tube,  some  of  the  current  may  be  in  the  shape  of  free 
corpuscles  themselves. 

Since  the  discoveries  that  have  led  to  the  formation  of  this  theory 
have  been  largely  connected  with  the  various  types  of  radiations  that 
are  given  forth  by  matter,  I  have  thought  it  advisable  to  give  a  brief 
account  of  the  more  important  ones. 

First,  of  course,  there  are  the  well-known  ether  waves,  with  a 
velocity  of  3  x  10*"  cm.-seconds.  The  longest  are  known  usually  as. 
Hertzian  waves,  these  having  wave-lengths  qf  from  many  miles  to  a 
few  inches. 

Lower  down  the  scale  come  the  heat  waves,  the  longest  of  which 
have  a  wave-length  of  some  roJiTi  ^^* »  further  on  come  the  light  wavcb 
with  lengths  of  from  about  700  to  400  micro-millimetres;  and  then 
the  chemical  rays  shorter  still,  these  last  three  series  overlapping 
somewhat. 

Though  the  subject  of  light  is  outside  the  range  of  this  paper, 
any  reference  to  radiations  would  be  incomplete  without  mentioning 
these,  to  us,  most  important  vibrations  of  the  ether.  The  first  kind  ci 
rays  I  shall  mention  are  the  cathode  rays,  first  investigated  by  Crookes. 
These  are  shot  out  from  the  cathode  of  a  vacuum  tube  when  the  gas 
therein  is  at  a  very  low  pressure,  for  a  so-called  vacuum  tube  never 
encloses  a  perfect  vacuum,  there  is  always  a  very  small  quantity  of  gas 
left  in.  To  produce  cathode  rays  the  exhaustion  must  be  carried  on 
until  the  pressure  is  less  than  one  ten  thousandth  part  of  an  atmosphere. 

These  cathode  rays  in  reality  consist  of  corpuscles  shot  out  with 
tremendous  velocity  (from  10,000  to  90,000  miles  a  second)  from  the 
cathode,  and  are,  strictly  speaking,  not  rays  at  all,  as  they  have  mass  and 
electrical  charge,  and  are  in  fact  things  and  not  mere  wave  motions  to 
which  alone  the  term  rays  should  apply.  These  cathode  rays  cause  a 
brilliant  phosphorescence  on  the  glass  of  the  tube  where  they  strike  it, 
the  colour  depending  on  the  composition  of  the  glass.  Glass  which 
contains  soda  produces  light  of  a  greenish  tint,  wliile  lead  glass  grves 
a  bluish  hue. 

An  opaque  object  will  cause  a  shadow,  as  the  corpuscles  proceed  in 
straight  lines,  the  standard  experiment  being  to  have  a  mica  cros^  in 
the  tube,  which  casts  a  shadow.  But  if  after  some  minutes  working 
the  cross  be  shaken  down,  the  part  which  was  previously  in  shadow 
now  stands  out  more  brightly  than  the  rest,  showing  that  the  glass  in 
time  becomes  fatigued  to  the  action  of  these  rays.  The  rays  also 
have  a  mechanical  effect,  as  they  will  set  in  motion  a  httle  paddle 
wheel  which  has  been  fitted  inside  a  vacuum  tube. 
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Corpuscles— or  cathode  rays— also  affect  some  substances  chemically, 
giving  them  a  permanent  coloration. 

Cathode  rays  also  have  a  heating  effect.  This  is  particularly 
noticeable  if  the  cathode  is  made  of  concave  section  and  the  rays 
brought  to  a  focus. 

Lcnard  rays,  so  called  after  Lcnard,  who  was  the  first  to  produce 
them,  are  merely  cathode  rays  that  have  been  brought  into  the  atmo- 
sphere through  a  window  of  thin  sheet  aluminium  fused  into  the 
vacuum  tube.  Lenard  rays  are  stopped  by  all  substances  merely  in 
proportion  to  their  thickness  and  density.  When  cathode  rays  strike 
on  the  glass  of  the  tube,  or  on  a  piece  of  metal  within  a  tube,  they  pro- 
duce Rontgen  or  X-rays.  These  are  ether  waves  and  arc  similar  in 
constitution  to  light  waves.  There  is  one  difference,  however,  and 
that  is  that  e?tch  disturbance,  caused  by  the  impact  of  a  corpuscle,  very 
soon  dies  away,  and  hence  the  disturb- 
ance is  only  a  few  waves  long  (Fig.  4). 

Light  waves  consist  of  a  steady  strain 
of  thousands  of  waves,  and  it  is  due  to 
this  steadiness,  and  to  the  number  of 
successive  waves,  that  we  obtain  the 
phenomena  of  refraction,  etc.,  and  that 
we  are  able  to  measure  the  wave-length. 
So  that  the  length  of  these  Rontgen 
waves  has  not  been  measured,  neither 
do  we  obtain  any  refractive  or  inter- 
ference effects  with  them.  These  rays  Fk;.  4. 
possess  physiological  effects.    They  also 

affect  the  photographic  plate,  and  since  bones  arc  more  opaque  to 
these  rays  than  flesh,  we  can  obtain  a  shadowgraph  or  radiograph, 
as  it  is  more  usually  called,  of  any  part  of  the  living  human  body. 

X-rays  also  produce  phosphorescence  in  certain  substances,  such  as 
barium  platino  cyanide.  Hence,  if  we  coat  a  cardboard  screen  with 
this  substance,  and  throw  an  X-ray  shadow  on  to  it  the,  to  us,  invisible 
picture  at  once  appears  on  the  screen,  and  so  we  can  see  a  picture  of 
the  shadow  of  the  bones  of  a  living  being. 

Nicwenglowski's  rays  are  rays  given  off  from  such  substances  as 
calcium  sulphide  after  it  has  previously  been  exposed  to  sunlight. 
These  are  simply  electromagnetic  ether  waves  or  invisible  light  waves, 
if  one  may  use  such  a  term,  which  are  more  penetrating  than  those 
which  we  know  as  light,  and  hence  will  affect  a  photographic  plate 
through  a  covering  of  black  paper  or  aluminium.  Decquerel  rays  were 
rays  from  substances  which,  unlike  the  above,  needed  no  previous 
exposure  to  sunlight — that  is  to  s;iy,  the  emission  was  spontaneous. 
These  rays  were  discovered  from  their  effect  on  a  photographic  plate, 
and  were  first  discerned  in  the  ciise  of  uranium,  and  this  experiment  by 
Bccquerel  set  in  motion  the  researches  of  the  Curies,  which  discovcretl 
to  us  the  element  radium  and  the  radio-activity  of  certain  elements  of 
matter. 
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Radiographs,  taken  by  means  of  the  Becquerel  rajrs,  may  be  easily 
obtained  by  any  one  with  practically  no  trouble  at  all,  the  active  agent 
being  mantles  as  used  in  incandescent  gas  lighting.  The  rays  emitted 
are  due  to  the  thorium  contained  in  the  gas  mantle,  which,  as  will  be 
mentioned  later,  is  one  of  the  radio-active  elements.  Since  it  is  onhr 
the  substance  itself  that  we  are  concerned  with,  the  mantles  will  do  just 
as  well  for  this  purpose  after  they  have  been  used  for  ordinary  lighting 
purposes. 

It  is  noticeable  how  opaque  glass  is  to  these  rays.  The  elements 
which  have  the  property  of  emitting  these  rays  are  known  as  radio- 
active. The  radio-active  elements  are  radium,  thorium,  actinium, 
uranium,  polonium,  radio-tellurium,  and  radio-lead,  little  being  known 
as  yet  about  the  two  latter. 

These  give  out  three  types  of  ray^,  known  as  the  a,  )3,  and  y  r3y>. 
The  a  rays  are  positively  electrified,  and  have  a  large  mass  compared 
with  their  charge,  the  mass  having  atomic  dimensions.  The  /3  rays  are 
negatively  electrified,  and  have  very  small  mass.  The  y  rays  are  not 
charged  at  all,  and  hence  are  not  deflected  by  a  magnet  They  have  no 
mass,  and  are,  in  fact,  ether  vibrations. " 

Now  let  us  refer  back  to  our  model  atom.  It  will  be  remembered 
that  for  certain  numbers  of  corpuscles  there  were  two  con6gurations 
which  depended  on  the  velocity  of  rotation. 

Now  if  one  of  these  slows  down  below  the  critical  velocity  it  will 
change  its  configuration,  and  this  change  may  be  so  violent  as  to  blow 
away  part  of  the  atom,  and  an  entirely  fresh  residual  atom  would  be 
formed.  This  configuration  might  also  be  unstable,  and  after  a  certain 
time  this  in  turn  would  split  up,  and  this  would  go  on  till  we  again  get 
a  fairly  stable  configuration  again. 

Now  this  is  just  what  happens  with  radium.  Every  second  one 
atom  in  ten  thousand  million  becomes  unstable  and  splits  up  in  this 
manner,  and  gives  off  or,  /3,  and  y  rays. 

On  examination  we  find  that  the  a  rays  are  positively  electrified 
atoms  of  helium,  the  3  rays  are  corpuscles,  and  the  y  rays  are  identical 
with  X  rays,  being  due  to  the  disturbance  in  the  ether  caused  by  the 
explosion  of  the  atom. 

The  remainder,  which  is  by  far  the  larger  portion  of  the  original 
atom,  forms  the  atom  of  a  new  element,  and,  in  most  cases  after  a 
certain  time,  also  breaks  up. 

It  is  obvious  that  if  on  the  average  one  atom  in  every  so  many  breaks 
up,  then  when  half  the  atoms  of  a  given  mass  have  broken  up,  the  total 
emission  is  halved,  and  consequently  the  rate  of  decay  of  what  is  left 
of  the  original  mass  is  also  halved,  so  that  the  decay  of  a  radio-active 
substance  follows  a  hjrperbolic  law.  From  this  it  is  impossible  to 
give  a  definite  time  in  which  all  the  mass  will  have  decayed,  but 
the  life  of  the  mass  is  generally  measured  by  the  time  in  which  it 
falls  to  half-activity,  and  this  is  rather  a  measure  of  the  rate  of  decay 
than  the  actual  time  of  total  decomposition. 

It  is  also  found  that  a  mass  of  pure  radium  does  not  really  give  out 
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a  and  /3  particles  and  y  rays,  but  that  some  of  these  effects  are  due  to 
the  subradiumic  elements  that  arc  formed  by  the  decay  of  the  radium. 
The  following  Table  VII.,  graphically  illustrated  in  Fig.  5,  shows 
the  successive  products  of  radium  :— 


Table  VII. 

Subitance. 

Time  Taken  to  Fall  lo 
Half-acUvlty. 

Rayt  Emitted. 

Radium 

2,000  years 

a 

Radium  emanation     ... 

375  days 

a 

1 

Radium  A         

3  minutes 

1 

a 

Radium  B         

26  minutes 

ft 

Radium  C         

19  minutes 

<^^i^ 

Radium  D 

(or  radio-lead  ?)     ... 

40  years 

1 

Radium  E         

6  days 

1 

Radium  F 

(or  polonium  ?)  ... 

140  days 

a 

These  substances,  radium  emanation  A,  B,  C,  etc.,  arc  all  elements 
more  or  less  unstable,  but  on  account  of  the  sm.ill  amount  that  can  be 
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RAdmm?. 

140  dAI}5 

pdontum  ? 


Fig.  5. 


produced,  and  the  transient  life  of  most  of  thcni,  their  chemical  pro- 
perties have  not  been  fully  studied.  Probably,  however,  they  would  fill 
empty  spaces  in  the  periwiic  law. 

Radium  emanation  is  an  element  that  is  gaseous  at  .itmospheric 
temperature  and  pressure.  It  can  be  liquefied  at  about —150  C.  by 
means  of  liquid  air.  The  above  elements  being  radioactive  may  be 
discerned  by  means  of  the  electroscope.  Radium  emanation  is  the 
most  powerfully  radio-active  clement  known,  and  fairly  bombards  its 
surroundings  with  millions  of  a  particles. 
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There  are  other  families  of  elements  such  as  the  thoriuin  family 
(Fig.  6,  Table  VIII.). 


Table  VIII. 


Substance 

Time  of  Half-decay. 

Raj-s. 

Thorium... 

j            ID"*  years 

1 

a 

Meso-thorium 

i      (?) 

^ 

Radio-thorium 

1            2  years 

a 

Thorium  X 

t 
37  days 

a 

Emanation 

54  seconds 

a 

Thorium  A 

II  hours 

Thorium  B 

j            I  hour 

a 

Thorium  C 

(?) 

afiy 

There    is    a    similar   actinium     family    also    uranium     (Fig.    j. 
Table  IX.). 


Table  IX. 

Stibstance. 

1             Time  of  Half^lecay. 

Raj-.. 

Uranium 

...              5  X  109  years 

a 

Uranium  X 

...  i            22  days 

fi7 

Ionium 

— 

.       «  ^  (?) 

Radium 

2,ooo)^ears 

"""" 

Here  I  must  quote  Professor  Rutherford,  who,  lecturing  at  the 
Manchester  University  last  month,  stated  that  it  .had  been  proved  that 
radium  was  a  disintegration  product  from  uranium  "  quite  conclusively." 
Also  radium,  as  is  well  known,  produces  helium,  the  atoms  of  which  are 
the  a  rays  themselves ;  and  probably  lead  is  the  final  product  of  the 
residue. 
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This  subject  is,  of  course,  still  in  its  infancy  ;  there  will,  doubtless, 
be  many  questions  raised  which  not  only  am  I  unable  to  answer,  but 
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Fig.  6. 

which  no  one  can  answer  in  the  pre!»cnt  state  of  our  knowledge.  Im- 
portant research  is  still  being  carried  out  on  these  subjects.  It  is 
possible  that  with  the  aid  of  the  strong  bombarding  action  of  radium 
cMuanation  wc  may  be  able  to  cause  elements  naturally  most  stable  to 
break  up.  Sir  William  Ramsay  says  he  thinks  he  has  evidence  that 
when  the  emanation  is  mixed  with  water,  small  quantities  of  neon  and 
argon  are  produced,  and  that  when  it  is  mixed  with  copper  sulphate 
some  nickel  is  formed.  These  results,  however,  are  only  tentative,  and 
are  stated  with  some  reserve.  It  seems,  then,  that  wc  are  at  the  t>e- 
ginning  of  a  new  world  of  science,  which  tends  to  link  together  the 
older  sciences  of  physics,  chemistry,  and  electricity. 

Uranium    DrankuBi     bnlum        fUdtan 

Fig.  7. 

Though  only  a  student  of  the  subject,  I  have  here  endeavoured  to 
show  that  the  two  terms  with  which  I  headed  this  paper — namely, 
•*  Electricity  and  Matter  "—are  synonymous. 


798    HAMILTON  :  THE  "BROWN,  McKENZIE"  SYSTEM     [December, 


THE   "BROWN,    McKENZIE"    SYSTEM   OF    ELEC- 
TRIG   BLOCK   SIGNALLING   ON    RAILWAYS. 

By  Andrew  Hamilton,  Student. 

{Abstract  of  Paper  read  before  the  Students*  Section,  at  Glasgow, 
December^  1907.) 

The  system  dealt  with  in  this  paper  is  known  as  the  '*  Brown, 
McKenzie"  system.  It  is  so  designed  that  a  train  on  entering  a  section 
automatically  indicates  its  approach  to  the  signalman  controlling  that 
section  of  the  line,  and  also,  if  the  line  is  clear,  indicates  its  approach 
to  the  signalman  in  the  cabin  of  the  section  ahead,  and  at  the  same 
time  informs  the  signalman  of  the  section  immediately  behind  that  it 
has  entered  the  next  section,  thereby  enabling  him  to  of>en  his  section 
to  a  train  following. 

In  this  system  of  electric  block  signalling  a  conducting  wire  or  rail 
a  is  laid  along  a  section  of  the  track  at  each  signal  cabin,  forming  the 
signalling  area,  as  shown  in  Fig.  i.  It  is  placed  alongside  the  ordinary- 
rail  b  and  supported  at  intervals  by  suitable  brackets  properly  insulated. 
A  second  conducting  wire  or  rail  c  is  laid  parallel  to  the  first  conductor. 
In  each  signal  cabin  there  is  arranged  a  green,  a  red,  and  a  white  lamp, 
marked  g,  r,  and  w  respectively  in  Fig.  i.  Each  lamp  has  in  conjunc- 
tion with  it  a  call-bell  suitably  arranged  in  circuit  These  lamps  are 
referred  to  throughout  as  signal  lamps. 

An  insulating  wire  e  is  led  from  the  signal  wire  or  rail  a  to  the 
green  lamp  g,  and  is  earthed  by  the  wire  *,  and  a  branch  wire  i  is  led  to 
a  switch  contact  s'  in  the  signal  cabin  Ai  and  a  second  insulated  wire 
h  is  led  from  the  other  signal  wire  or  rail  c  by  a  branch  wire  T  to  the 
switch  contact  s*.  By  means  of  the  switch  s,  when  it  is  connected  to 
the  contacts  s'  5*,  a  circuit  is  completed  from  the  wires  1  and  i',  thereby 
connecting  in  the  circuit  the  green  lamp  g  and  the  danger  lamp  r. 

Placed  on  the  engine  is  a  dynamo  0,  arranged  with  a  distributing 
trolley  q,  which  is  normally  pressed  downwards  by  springs,  so  that  on 
passing  the  signalling  area  the  trolley  g  makes  contact  with  the  signalling 
rail  a, 

A  collecting  trolley  v  is  also  pressed  downwards  by  springs  and 
makes  contact  with  the  signalling  rail  c,  and  a  collecting  trolley  u 
makes  contact  with  the  signalling  rail  a.  The  trolley  u  is  connected 
by  a  wire  u'  to  the  wire  /,  and  from  the  wire  /  by  a  branch  wire  /'  to 
the  green  lamp  g"  in  the  cab  of  the  engine,  then  to  earth  by  the  engine 
framing     From  the  wire  t  there  is  also  led  a  branch  wire  f=  to  the 
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green  lamp  g*  in  the  guard's  van,  and  then  it  is  earthed  to  the  van 
framing. 

.The  trolley  v  is  connected  by  the  wire  v'  to  the  red  or  danger  lamp 
r'  in  the  engine  cab,  and  by  a  branch  wire  x  to  the  red  lamp  r*  in  the 
guard's  van.  The  two  red  or  danger  lamps  r'  and  r*,  in  the  engine  and 
guard's  van  respectively,  are  connected  in  circuit  by  the  wire  x  and  to 
the  switch  contact  /,  so  that  when  the  switch  /,  in  either  the  engine 
or  van,  is  brought  into  connection  with  the  contact/,  a  circuit  is  com* 
pleted  between  the  signalling  rails  a  and  c,  and  the  lamps  r'  and  f  are 
lighted,  and  also  the  red  or  danger  lamp  in  the  signal  cabin  A,  and, 
simultaneously,  the  green  or  call  lamp  ^  is  lighted  in  the  signal  cabin 
B  ahead. 

When  the  line  ahead  is  clear  and  a  train  enters  the  signalling  area 
A,  the  distributing  trolley  q  forms  a  connection  between  the  dynamo  o 
and  the  signalling  rail  or  wire  a,  and  current  from  the  dynamo  o  passes 
from  thence  by  the  wire  e  and  the  branch  wire  i*  to  the  lamp  g,  and  to 
earth  by  the  wire  k  and  rail  b.  At  the  same  time  the  current  passes 
by  the  collecting  trolley  u  and  the  wires  u',  /,  /',  and  t*  to  the  lamp  ^  on  the 
engine,  and  ^'  in  the  guard's  van.  In  this  manner  a  continuous  light  is 
maintained  in  the  lamp  ^,  in  the  lamp  ^,  and  in  the  lamp  ^,  while  the 
train  is  on  the  signalling  area,  thereby  intimating  to  the  signalman  and 
to  the  engine-driver  and  guard  that  the  train  is  in  the  signalling  area, 
and,  as  the  line  ahead  is  clear,  no  further  signal  is  required  between 
the  driver  of  the  engine  and  the  signalman  ;  but  should  the  driver 
desire  to  call  the  attention  of  the  signalman,  he  can  do  so  by  bringing 
his  switch  j  into  connection  with  contact  /,  a  flash  only,  and  thereby 
complete  the  circuit  through  the  signalling  rails  a  and  c,  thereby 
operating  and  lighting  the  red  lamp  r  in  cabin  A  and  also  the  green 
lamp  ^  in  cabin  B.  The  reason  for  making  the  emergency  signal  a 
flash  only  is  to  indicate  to  the  signalman  in  cabin  B  that  the  train  is 
on  section  A,  whereas  if  the  train  is  on  section  B,  a  continuous  light 
would  appear  in  lamp  g^.  This  flash  signal  can  be  replied  to  by  the 
signalman  in  signal  cabin  A  by  means  of  the  switch  s,  which  is  brought 
into  connection  with  the  contact  s",  thereby  completing  the  circuit 
between  the  contact  rails  a  and  c,  and  lighting  up  the  lamps  r^  and  r" 
in  the  guards  van  and  engine  cab  respectively. 

When  the  line  ahead  is  not  clear ^  the  signalman  throws  the  switch  > 
into  connection  with  the  contact  $",  and  keeps  it  there  until  the  obstruc- 
tion on  the  line  is  removed,  so  that  when  a  train  enters  the  signalling 
area  under  the  control  of  that  cabin,  the  circuit  is  completed  between 
the  signalling  wires  or  rails  a  and  c,  and  therefore,  immediately  the 
contact  brushes  or  wheels  q,  i*,  v  on  the  engine  make  contact  with  the 
signalling  rails,  a  complete  connection  is  formed  between  the  dynamo 
0  on  the  engine  and  the  danger  lamps  r'  on  the  engine,  and  i»  in  the 
guard's  van,  and  also  with  the  danger  lamp  r  in  the  signal  cabin  A. 
thereby  at  once  warning  the  engine-driver  that  the  signals  are  against 
him,  and  intimating  to  the  signalman  that  a  train  has  entered  his 
signalling  area. 
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From  the  wire  e^  by  means  of  the  switch  s  and  contact  $^  current  is 
led  by  the  branch  wire  /  to  the  danger  lamp  r,  and  by  the  branch  wii  e 
/'  to  the  wire  k\  and  then  to  earth  by  the  rail  b.  When  the  switch  $  is 
on  the  contact  s*  and  signal  at  danger,  provided  an  engine  is  on  the 
area  controlled  by  the  signal  cabin  A,  the  lamps  r,  r',  and  r*  are  all 
lighted  as  already  explained,  and  also  the  green  lamp  g^  in  the  signal 
cabin  b,  by  means  of  the  branch  wire  m,  led  from  the  wire  n  in  the 
cabin  of  the  signal  area  behind  and  from  which  wire  m,  a  branch  wire, 
is  led  to  the  white  lamp  w  in  the  signal  cabin  of  the  area  behind,  so 
that  this  lamp  will  also  be  lighted  when  a  train  enters  section  A. 

As  shown  in  Fig.  2,  the  quadrant  Q  of  the  frame  for  the  ordinary 
signal  lever  may  be.  provided  with  contact  studs  5^,  s^,  s^,  s'  arranged  on 
cither  side  of  the  slot.  The  lever  L  itself  is  provided  with  a  contact 
piece  s^,  so  arranged  that  when  the  lever  is  thrown  over  to  put  the  usual 
semaphore  signal  at  danger  a  circuit  is  closed  through  studs  s^,  S', 
and  contact  piece  5^. 

Similarly  when  the  lever  L  is  pulled  to  the  clear  position  on  the 
quadrant  Q  another  circuit  is  closed  through  studs  s^,  s^  and  contact 
piece  s*. 

A  branch  wire  m^  (see  cabin  B  of  Fig.  i)  leads  from  the  wire  c' 
running  to  the  green  lamp  g^  in  the  cabin  of  the  signalling  area  B,  and 
is  connected  to  the  contact  stud  ^  at  the  blocked  end  in  the  side  of  the 
lever  quadrant  Q.  A  branch  wire  m^  connects  wire  y  of  the  white 
lamp  w'  to  stud  s*,  and  another  branch  wire  m*  connects  stud  i*  with 
stud  s' ;  stud  s'  is  connected,  by  a  branch  wire  h',  with  the  danger  wire 
h  which  is  connected  to  the  signalling  rail  c. 

Supposing  now  a  train  to  be  entering  the  area  B,  it  automatically 
lights  the  green  lamp  g^  in  signal  cabin  B,  and  simultaneously,  by 
means  of  the  wire  m  which  is  connected  to  the  signalling  rail  a  and 
branch  wire  n,  lights  the  white  lamp  w  in  the  cabin  A,  and  at  the  same 
time,  if  lever  L  in  cabin  A  is  at  clear  ^nd  the  circuit  closed  through  studs 
i^  55,  and  contact  piece  i^,  will  light  the  danger  lamp  r  in  thi«  cabin  A, 
indicating  to  the  signalman  that  his  section  ought  not  yet  to  be  opened 
to  a  succeeding  train,  as  a  train  still  occupies  area  B. 

If  the  white  lamp  w  in  the  cabin  A  is  not  lighted  when  the  train, 
which  has  passed  that  area,  arrives  or  should  have  arrived  in  area  B, 
the  signalman  in  area  A  knows  that  something  is  wrong,  and  by  means 
of  switch  5  he  stops  any  train  entering  his  section. 

The  signalling  arrangements  are  such  that  a  train  cannot,  without 
ignoring  the  signals,  leave  area  A,  whilst  a  train  which  has  passed  area 
A  is  not  yet  clear  of  area  B,  and  so  on  for  each  signal  area.  When 
a  train  enters  area  A,  and  a  train  still  occupies  area  B,  and,  say,  by 
neglect  the  signal  lever  L  in  area  A  is  left  at  clear,  that  is,  pulled  into 
contact  with  studs  y»,  s^  current  will  be  conveyed  from  the  train  on 
area  B,  along  the  wire  m  to  wire  w^,  by  studs  s*,  i',  wire  m*,  branch 
wire  h'  to  wire  h  and  rail  c,  then  by  the  trolley  v  of  the  engine  entering 
area  A,  to  the  lamp  r'  on  the  engine  and  r'  in  the  guard's  van,  thereby 
warning  the  driver  and  guard  that  a  train  still  occupies  the  area  B  ahead. 
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When  a  train  enters  area  A,  after  a  train  has  left  area  B,  but  which 
has  not  yet  reached  area  C,  the  signalman  in  area  B  is  warned  that 
a  train  has  entered  area  A  by  the  flash  of  his  green  lamp  ^,  and, 
knowing  that  the  train  which  has  just  left  his  area  has  not  yet 
reached  area  C,  he  can  be  prepared  to  block  the  train  from  area  A, 
if  necessary. 

Arrangements  are  also  provided  whereby  the  engine-driver  is  made 
aware  of  any  fault  in  the  working  of  the  signalling  gear.  By  means 
of  apparatus  an  electric  circuit  to  the  engine  cab  is  completed  and 
lights  a  white  lamp  between  the  signal  areas,  and  so  long  as  this  lamp 
remains  lit  the  driver  knows  that  the  contact  arrangement  is  working 
all  right.  When  the  train  enters  the  next  signalling  area,  an  electrical 
connection  is  made  with  a  green  light  g  in  the  engine  cab,  and  indicates 
to  the  engine-driver  that  he  is  in  the  signalling  area.  The  green  lamp 
will  light  if  the  road  is  clear,  whilst  if  the  road  is  blocked  a  red  lamp 
will  show  in  addition.  When  the  train  leaves  the  signalling  area  the 
white  lamp  is  re-lit  and  keeps  lit  between  the  signalling  areas. 

A  guard  is  fitted  with  a  pocket  to  enable  a  suitable  brush  to  be 
inserted  for  clearing  off  snow,  etc.,  from  the  contact  rails.  A  further 
guard  is  fitted  to  indicate  to  the  driver  when  a  heavy  body  or  other 
obstruction  between  the  rails  interferes  with  the  trolleys. 

Means  are  provided  whereby  the  train  officials  may  be  made  aware 
of  their  approach  to  a  level-crossing,  an  installation  somewhat  similar 
to  that  in  a  signalling  area  is  used  ;  but  to  distinguish  between  the  two 
installations  at  the  level-crossing  the  contact  rails  or  wires  are  made 
with  a  series  of  depressions,  so  that  the  trolleys  will  have  an  intermittent 
contact  with  the  wires,  with  the  result  that  instead  of  a  continuous  light 
appearing  in  the  signal  lamps,  a  series  of  flashes  are  emitted  from  the 
lamps  on  the  train. 

With  the  contact  rails  and  contact  trolleys  arranged  to  give  the 
various  clear  and  danger  signals  as  I  have  described,  the  backing 
of  a  train  on  the  line,  or  the  running  of  the  engine  tender  first,  would 
upset  the  arrangement,  and  to  overcome  this  difficulty  a  reversing 
apparatus  is  provided  and  arranged  so  that  the  act  of  pulling  over 
the  reversing  lever  of  the  engine  reverses  all  the  switches  of  the 
signalling  apparatus,  and  thereby  causes  the  proper  lights  to  appear 
in  the  signal  lamps,  to  indicate  clear  or  danger  as  already  descril)ed. 

A  very  simple  emergency  means  of  communication  between  the 
driver  and  the  signalman  is  provided  which  can  be  used  between  the 
signalling  areas.  This  consists  of  a  wire  which,  when  it  is  desired  to 
communicate  with  the  signal  cabin,  is  connected  at  one  end  to  a  switch 
on  the  engine  cab,  and  the  other  end  connected  to  the  block  signal 
wire  running  between  the  signal  cabins.  In  this  way  a  signal  can  be 
given  in  the  signal  cabin  that  something  is  wrong. 
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By  H.  W.  Gregory,  Student. 

{Ahstract  of  Pa  ft  r  read  bc/orc  the  Students'  SectU)N,  in  London, 
March  2$,  1908.) 

The  principle  of  the  cascade  converter  or  motor  converter  may  be 
studied  by  rcgardinj?  the  component  parts  separately. 

Imagine  a  6.pole  3-pha>c  induction  motor  with  a  rotor  furnished 
with  three  open-circuited  slip  rings,  and  the  stator  connected  to  a 
supply  system  having  a  frequency  of,  say,  50  no  per  second.  Also 
a  synchronous  motor  with  six  separately  excited  field  magnets,  and 
3- phase  revolving  armature  rigidly  coupled  to  the  rotor  of  the 
induction  motor.  Imagine  the  rotating  part  driven  externally  by  a 
belt  till  a  constant  speed  representing  half  the  synchronous  speed 
of  the  induction  motor,  that  is,  500  revs,  per  minute,  is  attained.  The 
speed  of  the  stator  field  being  1,000  revo- 
lutions the  slip  rings  of  the  rotor  and  those 
of  the  synchronous  motor  will  both  be  in 
a  position  to  furnish  3-phase  currents  of 
25  r\j  .  and  if  the  voltages  are  equal  and 
there  is  opposition  of  phase,  the  similar 
rings  of  each  machine  may  be  connected 
together  without  interchange  of  current. 

Let  the  speed  of  the  prime  mover  be 
now  slightly  lowered.  The  result  on  the 
part  of  the  synchronous  motor  as  regards 
its  field  is  to  make  its  E.M.F.  lag  behind 
its  former  position,  and  on  the  part  of  the 
induction  motor  as  regards  the  stator  field 
to  make  its  E.M.F.  lead. 

Fig.  I  hhows  tlie  relative  phase  differences  when  there  is  a  tendency 
to  lower  the  speed  of  the  rotating  part.  O  E,  is  the  vector  E.M.F.  for 
the  synchronous  motor  ;  with  respect  to  the  synchronous  motor,  the 
induction  motor  E.M.F.'s  are  to  have  opposition  of  phase ;  O  E,  is  this 
second  vector  E.M.F.  The  vector  sum  of  O  E,  and  O  E,  gives  rise  to 
an  E.M.F.  O  E  which  will  set  up  a  controlling  current  with  a  lag  due  to 
the  induction  of  the  coils,  say  O  C,  which  represents  the  actual  current 
to  the  rotating  part.  The  position  of  the  conductors  carrying  this 
current  when  it  is  at  a  maximum  may  therefore  t>c  determined,  due 
regard  being  given  to  the  opposition  in  the  sense  of  direction  of  the 
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vectors  when  considering  each  machine.  These  maxima  currents 
occur  in  a  strong  field,  tending  to  produce  a  forward  motion  in  the 
case  of  both  machines,  thus  opposing  the  tendency  to  reduce  the 
speed.  Hence  the  external  driving  power  may  be  dispensed  with,  and 
on  the  addition  of  a  commutator  to  the  synchronous  motor  armature, 
making  the  latter  a  rotary  converter,  we  obtain  the  simple  motor 
converter. 

On  the  loading  up  of  the  direct-current  side  it  is  evident  that  the 
state  of  balance  of  the  rotor  K.M.F.'s  is  upset,  with  the  result  that  what 
might  be  termed  a  controlling  current  is  set  up  between  them,  the 
component  of  which  in  the  rotary  converter  armature  being  converted 
provides  part  of  the  direct-current  load,  and  that  in  the  rotor  being  in 
such  a  direction  as  to  react  on  the  stator  field,  producing  a  torque 
which  drives  the  rotary  converter  armature  as  a  direct-current 
generator,  providing  the  remainder  of  the  direct-current  load. 

The  relative  number  of  poles  on  the  induction  motor  and  rotary 
converter  may  be  varied,  but  that  the  synchronous  speed  of  the 
machine  is  dependent  on  the  sum  of  the  number  of  poles,  and  quite 
independent  of  the  relative  number  of  poles  on  each.  With  a  given 
frequency  and  a  given  total  number  of  poles,  and  therefore  a  given 
speed,  with  the  greater  number  of  poles,  on  the  stator  the  speed  of  the 
stator  field  is  low,  the  frequency  of  the  induced  currents  will  be  low, 
and  thus  suited  to  the  low  frequency  of  the  rotary  converter  with  its 
fewer  poles.  Tlie  sHp  being  low  will  tend  to  reduce  rotor  iron  losses, 
but  the  machine  will  evidently  be  working  more  as  an  induction  motor- 
generator  than  as  a  rotary  with  its  transformers  with  resulting  loss  in 
efficiency,  for  the  conversion  of  electrical  into  mechanical  power  must 
necessarily  take  place  more  inefficiently  than  if  converted  into  electrical 
power  as  in  the  transformers  of  the  rotary  converter,  which  machine 
will  therefore  show  a  general  gain  in  efficiency  as  compared  with  the 
motor  converter. 

The  machine  is  also  capable  of  being  inverted,  that  is,  run  from  the 
direct-current  side  supplying  alternating-current  power.  It  is  also 
thus  obvious  that  the  machine  may  be  built  with  any  number  of 
phases  on  the  stator,  and  the  single-phase  motor  converter  in  order 
to  be  capable  of  being  started  up  as  a  single-phase  induction  motor  is 
provided  with  a  split  phase  winding  inoperative  when  the  machine 
is  on  load. 

In  most  machines  the  stator  is  of  the  form  usually  supplied  with 
induction  motors  and  with  the  various  designs  of  slots,  but  owing  to 
the  higher  leakage  coefficient  with  open  slots  there  is  a  tendency  to  use 
the  more  costly  semi-enclosed  slot.  For  safeguarding  the  insulation 
from  the  voltage  surgings  on  switching  on  extra  high-tendon 
machinery  of  this  kind,  a  simple  water-charging  device  has  proved 
very  effective. 

The  rotor  of  the  inductfon  motor  is  wound  with  the  various  designs 
-of  slots,  and  is  wave- wound  for  12  phases,  the  short-circuited  slip  ring^ 
providing  the  neutral  point. 
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In  the  case  of  machines  with  two  end  bearings  the  12  phases  go 
straight  across  to  the  rotary  converter  armature,  but  when  there  is  a 
centre  bearing  they  are  led  through  holes  bored  radially  in  a  sub- 
stantial coupling  bolted  direct  on  to  the  rotor  spider,  through  the 
hollow  shaft,  out  again  on  to  the  rotary. 

The  rotary  converter  armature  is  as  a  rule  lap-wound,  thus  necessi- 
tating 12  tappings  per  pair  of  poles  ;  the  12  phases  are  therefore 
connected  to  12  concentric  copper  rings,  from  which  consecutive 
tappings  are  taken,  thus  performing  the  duty  of  equaliser  rings. 

The  voltage  on  the  direct-current  side  being  100,  that  across  phases 
on  the  rotary  converter  will  be  18-3,  assuming  a  sine  distribution  of  flux, 
which  is  the  voltage  for  which  the  12  rotor  phases  must  be  designed. 

The  question  of  regulation  involves  variables  :  (i)  Power  factor,  (2) 
direct-current  voltage,  (3)  direct-current  load.  The  variation  in  the  first 
must  be  as  small  as  possible,  with  big  variations  in  the  second  and  third. 
In  order  to  raise  the  E.M.F.  on  loading  the  machine  we  increase 
the  excitation.  Now  the  armature  impedance,  which  is  dependent 
almost  entirely  on  the  reactance,  when  added  to  the  applied  E.M.F. 
gives  the  generated  E.M.F.  of  the  rotary  converter  to  which  the 
voltage  on  the  direct  side  is  due.  As  the  excitation  is  increased  so 
the  lead  increases,  giving  rise  to  further  increase  in  the  generated  back 
E.M.F.  Now,  for  a  given  increase  in  the  leading  of  the  current  tikcn 
by  the  machine  it  is  obvious  that  the  E.M.F.  on  the  direct-current  sid: 
will  increase  more  with  a  high  value  of  the  reactance  than  with  a  low 
one.  In  order  to  keep  the  power  factor  near  unity  with  a  large  increase 
in  direct-current  voltage  the  reactance  of  the  machine  must  be  kept 
high.  Moreover,  the  drawing  of  a  leading  current  through  the  apparatus 
supplying  the  converter,  whether  it  be  transformers  in  the  rotary 
or  induction  motor  in  the  motor  converter,  has  a  similar  effect  of 
raising  the  induced  E.M.F.  above  the  applied  E.M.F.  to  a  greater 
or  less  degree  dependent  on  greater  or  less  reactance.  Now  the 
constructional  features  of  the  motor  converter  are  such  as  naturally 
conduce  to  a  high  reactance  greater  than  that  in  the  rotary  and  its 
transformers,  and  the  machine  therefore  permits  of  a  great  range  in 
direct-current  voltage  without  a  similar  range  in  power  factor. 

The  excellent  regulation  thus  offered  by  the  motor  converter 
renders  it  practicable  to  run  the  same  machine  on  a  lighting  or 
traction  load  with  a  total  range  of  voltage  of  at  least  20  per  cent,  and 
a  reasonable  power  factor  in  each  case. 

It  follows  from  the  foregoing  remarks  that  the  machine  may  be 
compounded  for  traction  like  the  rotary  converter  and  with  better 
results  as  regards  power-factor  variation. 

When  a  range  of  30  per  cent,  or  more  is  required  on  the  direct- 
current  side  it  is  advisable  to  adopt  the  alternating-current  booster 
method  of  controlling  the  voltage,  which  has  been  found  so  convenient 
in  similar  cases  with  the  rotary  converter. 

The  following  is  a  comparison  of  the  relative  advantages  of  the 
rotary  and  motor  converters  : — 
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Efficiency. — The  efficiency  of  the  motor  converter,  especially  in  the 
smaller  units,  does  not  drop  so  rapidly  with  the  load  as  the  efficiency 
of  the  rotary  converter.  In  the  larger  units  the  rotary  converter  shows 
an  advantage  of  about  i)  per  cent.,  and  at  i^-load  the  efficiencies 
are  about  the  same.  This  property  of  the  motor  converter  would  be 
useful  in  a  lighting  sub-station  without  a  battery  where  a  machine 
is  always  running  on  a  light  night  or  day  load.  It  would  appear  that  the 
no-load  losses  on  the  roatary  are  greater  than  on  the  motor  converter, 
or  the  iron  losses  on  the  three  transformers  (considering  always  a 
3-phase  system)  were  greater  than  the  stator  iron  losses  and  the 
smaller  rotor  iron  losses  which  occur  at  half  the  frequency  of  the 
mains.  As  regards  frequency  the  data  for  25-00  machinery  is  less 
available  than  for  50  ro,  however  the  efficiency  of  both  machines 
will  go  up  with  the  frequency,  but  the  gain  in  efficiency  of  the  rotary 
will  be  less  marked  at  the  high  than  the  low  frequency. 

Prime  Cost, — The  costs  of  the  two  machines  are  substantially  the 
same. 

Starting. — The  starting  of  rotary  converters  may  be  summarised  as 
follows  from  the  alternating-current  side  : — 

1.  By  means  of  an  auxiliary  induction  motor. 

2.  As  an  inverted  induction    motor  by  means  of   low-voltage 

tappings  on  the  transformer. 

3.  From  the  direct-current  side  as  a  direct-current  motor. 

In  sub-stations  possessing  a  battery  the  third  method  is  admittedly 
the  best.  The  second  method  cannot  be  considered  as  otherwise  than 
crude.  The  first  is  generally  recognised  as  being  the  more  satisfactory 
method  of  starting  these  machines  where  no  battery  exists.  As  regards 
the  actual  synchronising,  the  time  taken  by  each  machine  is  about  the 
same,  but  the  motor  converter  is  undoubtedly  the  easiest  machine  to 
synchronise. 

Switchgear. — The  switchgear  required  by  each  machine  when  started 
from  the  direct-current  side  is  the  same,  but  when  started  from  the 
alternating-current  side  the  motor  converter  shows  a  great  saving  in 
the  capital  cost  of  these  accessories.  As  regards  the  cost  of  cable,  etc^ 
for  connecting  up  the  machines  to  the  switchboards,  a  great  saving 
lies  with  the  motor  converter,  and  these  cables  contribute  no  small  sum 
to  the  capital  outlay  of  a  sub-station. 

Maintenance  and  Attention. — The  maintenance  on  converting  plant 
is  remarkably  small,  but  the  considerable  wear  in  the  slip-ring  brushes 
of  rotary  converters  which  carry  heavy  currents  require  special  care 
to  be  bestowed  on  them.  The  motor  converter  has  no  parts  requiring 
such  attention. 

Regutation, — For  the  reasons  previously  laid  down  the  permissible 
voltage  regulation  on  the  direct-current  side  is  greater  in  the  motor 
converter  than  in  the  rotary  converter.  For  special  cases  of  uide 
regulation  necessitating  an  alternating-current  booster  this  accessory 
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is  more  adaptable  and  cheaper  when  applied  to  the  motor  converter 
than  the  rotary  converter. 

Fluctuation  of  Direct-current  Voltage.— Ko  fluctuation  occurs  in  the 
direct-current  voltage  of  rotary  converters  with  a  change  of  frequency 
but  due  to  the  direct-current  generator  element  in  the  motor  converter 
the  direct-current  voltage  of  this  machine  must  vary  to  a  slight  extent 
with  the  frequency.  On  the  other  hand,  the  same  direct-current 
element  is  responsible  for  a  steadying  e£Fect  with  variations  in  the 
extra  high-tension  voltage,  which  effect  is  non-existent  in  the  rotary. 

Commutation, — The  commutation  of  rotaries  is,  as  a  rule,  excellent, 
as  also  is  that  of  motor  converters  with  commutating  poles. 

Reliability, — As  regards  freedom  from  breakdown  it  has  been 
mentioned  that  for  higher  voltages  on  the  stator  of  the  motor  converter 
a  charging  device  is  advisable. 

For  reliability  under  short  circuits  on  the  direct-current  side  the 
motor  converter  is  undoubtedly  superior. 

Balancing  a  ywire  Network, — A  rotary  converter  supplying  a  3-wire 
network  will  automatically  balance  the  system  by  connecting  the 
neutral  wire  to  the  neutral  point  of  the  low-tension  star-winding  of  the 
transformer.  In  this  respect  the  two  machines  are  therefore  on 
the  same  footing. 

Reversibility. — Both  machines  permit  of  being  run  inverted  from  the 
direct-current  side  generating  alternating-current  power. 

Floor  space.— The  advantage  here,  if  any,  lies  with  the  motor  con- 
verter, owing  to  the  transformers  of  the  rotary. 

Single-phase. — The  rotating  part  of  the  single-phase  motor  converter 
is  no  different  from  that  of  the  polyphase  machine,  and  presents  the 
enormous  advantages  as  regards  stability  of  twelve  phases  over  a 
single  phase. 

Having  duly  considered  the  merits  of  these  two  types  of  machines, 
we  are  now  in  a  position  to  enumerate  the  conditions  of  supply  under 
which  the  various  features  of  the  motor  converter  render  its  use 
particularly  suitable.    These  are  as  follows  : — 

1.  For  higher  frequency  circuits,  that  is,  50  fxj  and  over. 

2.  For  use  where  a  great    range   of  direct  current   voltage   is 

required. 

3.  For  use  when  the  adoption  of  an  alternating-current  booster 

becomes  a  necessity. 

4.  For  single-phase  systems. 

5.  And  for  use  wlien  running  inverted. 

In  all  these  cases  the  advantages  of  the  motor  converter  far 
outweigh  the  considerations  as  to  its  slightly  lower  efficiency. 
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STARTERS  AND   CONTROLLERS. 

By   P.  C.   Jones,   Student. 

{Abstract  of  Paper  read  before  the  Students*  Section,  at  Manchester, 
Jantuiiy  14,  1908.) 

In  a  brief  paper  like  the  present,  only  the  most  superficial 
examination  can  be  made  of  the  various  types  of  starters  and 
controllers.  In  view  of  this  fact  only  two  distinct  classes  of  con- 
trollers are  dealt  with,  and  these  are  "drum  type"  and  *' liquid 
type"  respectively. 

The  chief  points  to  be  considered  are— 

1.  What  the  apparatus  has  to  perform. 

2.  How  to  perform  it  with  the  highest  efficiency  at  reasonable 

cost. 

Tramway  controllers  are  subject  to  more  trying  and  exacting 
conditions  than  obtained  in  almost  any  other  application  of  electricity. 
They  are  in  constant  use  and  are  handled  by  men  who  do  not 
usually  know  when  they  mis-handle  them.  It  is  not  a  difficult 
matter  to  design  a  controller  to  make  the  required  connections  for 
cutting  out  the  resistance  step  by  step  and  reversing  the  motor. 
but  the  suppression  of  excessive  arcing  when  opening  circuit  is  not 
equally  good  in  all  types  of  controllers. 

The  Westinghouse  Company  have,  amongst  other  types,  a  controller 
which  is  designed  to  split  up  the  arc  on  opening  circuit  into  a  number  of 
smaller  arcs  in  series.  On  opening  circuit,  as  the  drum  is  returned  to 
the  "  off  "  position,  the  length  of  the  arcing  path  is  easily  increased 
beyond  the  distance  over  which  the  circuit  could  maintain  an  arc. 

Another  feature  peculiar  to  a  number  of  Westinghouse  tramway 
controllers  is  that  the  same  drums  are  used  for  reversing  and  braking, 
while  usually  with  controllers  of  other  makes  the  reverse  and  brake 
drums  are  separate. 

A  more  recent  design  of  tramway  controller  manufactured  by  the 
same  firm  is  the  T  type,  in  which  there  are  several  entirely  nevr 
features,  amongst  which  it  may  be  mentioned  that  the  drums  are  all 
on  one  vertical  shaft  in  the  centre  of  the  controller.  The  top  is  the 
reverse,  the  middle  the  main,  and  the  bottom  the  brake  drum.  The 
fingers  are   on  either  side  of  the  drums,  and  the  arc  shield  whicli 
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separates  the  main  drum  fingers  when  in  position,  fits  between  two 
blow-out  coils. 

Leaving  tramway  controllers  and  passing  on  to  those  used  for 
industrial  work  in  connection  with  cranes,  rolling  mills,  haulages,  etc., 
it  is  found  that  for  such  classes  of  work  the  drum  type  controller 
is  pre-eminent  For  starting  motors  light  and  not  many  times  each 
day,  as  is  the  requirement  of  most  machine  tools,  pumps,  fans,  etc., 
the  faceplate  type  of  starter  is  quite  satisfactory ;  but  for  rapidly 
starting  and  stopping  nK>tors  against  heavy  overloads,  which  may 
occur  several  times  in  an  hour,  the  drum  type  controller  is  more 
suitable.  The  drum  type  has  its  limitations,  however,  and  for  con- 
trolling motors  of  several  hundred  horse-power,  electrically  operated 
unit  switches  and  liquid  controllers  take  its  place. 

A  type  of  industrial  controller  of  Westinghouse  design  is  con- 
structed entirely  of  fireproof  materials  as  required  by  the  Admiralty, 
and  it  is  largely  used  by  them  in  the  dockyard  machine  shops  for 
cranes,  etc.  The  drum  is  built  up  of  iron  castings  clamped  on  to  a 
steel  shaft  which  is  insulated  with  mica.  On  to  the  iron  castings 
are  secured  the  copper  drum  rings,  which  can  be  replaced  when  worn. 
The  bases  which  support  the  fingers  are  likewise  clamped  on  a  mica 
insulated  steel  shaft. 

In  the  controllers  made  by  Dick,  Kerr  &  Co.,  Ltd.,  the  solenoid 
blow>out  is  used,  and  the  reverse  and  brake  drums  are  separate. 
The  solenoid,  which  takes  the  place  of  the  usual  arc  shield,  does 
not  cover  up  the  drum  to  the  same  extent  as  the  latter,  and  when 
in  position  only  covers  the  fingers  and  that  portion  of  the  cir- 
cumference of  the  drum  at  which  the  arc  is  broken. 

The  solenoid  has  an  iron  core  on  which  is  wound  a  number 
of  coils  so  arranged  with  regard  to  their  length  and  direction  of 
turns  that  the  magnetic  field  obtained  when  the  coil  is  excited  takes 
the  form  of  several  local  fields  passing  as  it  were  between  the  edges 
of  the  adjacent  insubting  partitions.  As  the  partitions  separate  the 
fingers  these  btter  will  be  cut  by  the  lines.  Between  the  insulating 
partitions  spun  copper  shields  are  placed  over  the  coils. 

In  the  British  Thomson- Houston  Co.'s  controller  type  R  27  the  blow- 
out coil  is  at  the  bottom  of  the  drum.  The  lines  travel  through  the  cast- 
iron  main  drum  across  the  fingers  into  the  iron  back  of  the  arc  shield 
and  complete  the  circuit  through  the  frame  of  the  controller. 

One  of  the  "  Stellite  "  controllers,  made  by  the  Electric  &  Ordnance 
Accessories  Company,  Ltd.,  is  designed  to  control  a  direct -current  motor 
on  the  3-wire  system,  the  shunt  field  of  which  is  always  on  the  high 
voltage  circuit.  The  motor  starts  with  full  field  and  the  armature 
in  scries  with  resistance  on  the  low  voltage.  The  speed  increases 
as  the  armature  resistance  is  cut  out,  and  is  then  further  increased 
by  inserting  resistance  in  the  shunt  field  circuits  For  still  higher 
speeds  the  armature  is  connected  on  the  higher  voltage  and  the 
field  strengthened,  and  the  speed  is  brought  up  to  maximum  by  again 
cutting  resistance  into  the  field  circuit. 
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Capstan  controllers  are  generally  operated  by  a  foot  pedal  as  tbcy 
are  mounted  in  the  capstan  case,  the  top  of  which  is  sunk  level  with 
the  ground.  As  the  labourer  operating  capstans  in  shunting  yards 
and  docks  would  not  always  remember  to  depress  the  pedal  slowly 
in  starting  the  motor,  the  controller  is  fitted  with  an  overload  circuit 
breaker  to  prevent  damage  to  the  motor. 

On  first  depressing  the  pedal  the  circuit  breaker  is  closed,  and 
if  it  is  further  depressed  so  rapidly  that  the  armature  current  rises 
above  a  pre-determined  value  an  overload  coil  trips  the  breaker,  and 
the  pedal  must  be  allowed  to  return,  due  to  spring  action,  to  its  off 
position  before  the  breaker  can  be  re-set. 

A  controller  of  somewhat  novel  construction  is  made  by  the 
Phoenix  Dynamo  Manufacturing  Company,  Ltd,  The  moving  portion 
which  replaces  the  usual  drum  is  of  helical  formation  and  has  a 
thread  of  i  J  turns,  the  pitch  of  which  is  equal  to  the  distance  between 
the  centre  of  adjacent  fingers.  When  the  handle  is  rotated  the  helical 
piece  is  forced  to  slide  along  a  square  shaft  by  a  rack  in  which  it 
engages  on  the  switch  base.  This  starter  has  a  no-load  and  overload 
release,  and  this  latter  has  to  be  first  closed  by  rotating  the  handle  in  a 
clockwise  direction,  and  when  the  overload  release  or  circuit  breaker, 
which  has  a  magnetic  blow-out,  is  in  position  counter-clockwise  rota- 
tion of  the  handle  cuts  out  the  resistance  by  the  helical  drum  moving 
across  the  fingers  which  are  connected  to  its  various  tappings. 

Since  there  is  a  certain  amount  of  wear  on  contact  fingers  and 
drum  rings,  due  to  sparking,  it  is  necessary  that  these  parts  should  be 
as  cheaply  renewable  as  possible.  There  should  be  no  appreciable 
wear  due  to  friction  between  the  fingers  and  rings  if  these  are  kept 
lubricated  with  a  slight  application  of  vaseline.  If  no  lubricant  is 
used  a  quantity  of  copper  dust  will  certainly  be  deposited  inside  the 
controller  and  may  lead  to  serious  burn-outs  through  short  circuits. 
The  best  type  of  finger  appears  to  be  one  in  which  a  flat  phosphor- 
bronze  spring  is  used  to  press  a  copper  tip  of  half-round  section  on  to 
the  drum.  The  spring  should  not  form  the  main  path  for  the  current, 
but  should  be  shunted  by  a  flexible  copper  connection  between  the 
tip  and  terminal.  The  shunt  and  the  tip  are  secured  to  the  spring 
by  a  screw  so  that  the  tip  can  be  easily  and  quickly  replaced. 

In  many  controllers  the  finger  is  bent  from  copper  strip  which 
is  riveted  to  the  spring  and  shunts.  In  replacing  a  finger  of  this  type 
a  new  shunt  and  spring  are  also  required,  which  will  cost  about  is. 
as  against  id.  for  the  renewable  tip  described  above.  Roller  fingers 
are  sometimes  used,  but  these  do  not  present  any  advantages  over  the 
kind  using  the  small  tips,  except  in  the  case  of  oil-immersed  alternating- 
current  controllers  where  the  roller  type  is  best.  Generally  speaking 
a  controller  may  be  rated  to  carry  lOo  amperes  per  }  in.  width  of 
finger  used. 

The  copper  segments  on  the  drum  should  be  provided  with  small 
renewable  tips  as  they  are  usually  only  burnt  at  the  point  where 
contact  is  broken. 
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The  controllers  described  so  far  have  been  for  direct-current 
circuits,  and  for  the  rheostatic  control  of  multi-phase  motors  so  largely 
used  a  somewhat  similar  controller  is  employed.  The  function  of  the 
multi-phase  rheostatic  controller  is  to  make  and  break  the  line  con- 
nections to  the  stator  windings  and  to  cut  resistance  in  or  out  of  the 
rotor  circuit.  The  majority  of  motor  manufacturers  make  the  rotor 
windings  in  the  3-phase  form,  independent  of  whether  the  starter  is  for 
2-  or  3 -phase  supply,  and  whether  the  rotor  windings  are  delta  or  star 
connected,  the  controller  is  most  commonly  arranged  for  use  with  star- 
connected  resistance. 

The  arc  shield  is  not  essential  as  in  direct-current  work  owing 
to  the  fact  that  a  low  voltage  alternating-current  arc  is  short  and  fierce, 
but  docs  not  tend  to  spread  and  flame  like  a  direct-current  arc  The 
cost  of  an  alternating-current  magnetic  blow-out  would  be  prohibitive 
in  most  cases  as  all  the  iron  circuits  used  would  have  to  be  laminated 
and  several  separate  exciting  coils  would  have  to  be  used. 

On  voltages  above  6oo,  which  are  fairly  common  up  to  3,000,  it  is 
usual  to  immerse  the  controller  drum  and  fingers  in  oil. 

Liquid  controllers  can  be  used  for  both  polyphase  and  direct-current 
motors.  They  differ  from  the  drum  type  by  using  a  resistance  which 
is  liquid  instead  of  metallic,  and  the  liquid  is  contained  in  the  tanks 
which  form  part  of  the  controller.  A  great  advantage  possessed  by  the 
liquid  type  is  that  a  very  even  starting  torque  can  l>e  exerted  by  the 
motor  under  its  control,  owing  to  the  fact  that  the  resistance  is  cut  out 
continuously  and  gradually,  and  not  in  a  succession  of  steps  as  in  the 
drum  type.  The  resistance  solution  is  very  cheap,  as  it  merely  consists 
of  common  washing  soda  in  water.  Liquid  controllers,  which  are  used 
for  speed  regulation,  are  generally  fitted  with  cooling  coils  placed  in 
the  electrolyte  through  which  cooling  water  is  circulated. 
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Proceedings  of  the  Thirty-sixth  Annual  General  Meet- 
ing of  the  Institution  of  Electrical  Engineers,  held 
in  the  Rooms  of  the  Institution,  92,  Victoria 
Street,  Westminster,  S.W.,  on  Thursday,  May  28, 
1908 — Colonel  R.  E.  Crompton,  C.B.,  President, 
in  the  chair. 

The  minutes  of  the  Ordinary  General  Meeting,  held  on  May  21.  1908, 
were  taken  as  read,  and  confirmed. 

Messrs.  T.  Gushing  and  F.  W.  Hewitt  were  appointed  scrutineers 
of  the  ballot  for  the  election  of  new  members,  and,  at  the  end  of  Uic 
meeting,  the  following  were  declared  to  have  been  duly  elected  : — 

ELECTIONS. 

As  Associate  Members. 


George  Basil  Barham. 
William  Thomas  Bower. 
William  Buchanan. 
Harry  Burgc. 
Ernest  Coleridge  Church - 

wood. 
Edgar  Harry  Cockshott. 
John  Gillan  Doran. 
John  I.  Gear. 
John  William  Hogg. 


George  Eric  Mason. 
Joseph  Andrew  O'Brien. 
William  Bowman  Packham. 
Frank  Ernest  Saunders. 
Walter  Pembroke  Scott. 
William  Arthur  Scott. 
Francis  George  Sherwood. 
Herbert  Eden  Sutton. 
Albert  Stewart  Tresilian. 
Edward  Becsley  Trimmer. 


William  Espeut  Vidal. 

As  Associate, 
Thomas  Taylor. 

As  Students. 

m 

Stanley  Charles  Bennett.  |       William  Harold  Hasclgrovc. 

Bertram  James  Watson. 
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RKPORT  OF  THE  COUNCIL  FOR  PRESENTATION  TO  THE 
ANNUAL  GENERAL  MEETING  OF  MAY  28,  1908. 

At  this,  the  thirty-seventh  AnnualGencral  Meeting  of  the  Institution 
of  Electrical  Engineers,  the  Council  present  to  the  Member^  their 
Report  for  the  Session  1907-8. 

Death  ok  Lord  Kelvin. 

In  December  bst  the  members  of  the  Institution  received  with 
profound  sorrow  the  announcement  of  the  death  of  Lord  Kelvin, 
President  and  Honorary  Member  of  the  Institution.  It  will  Ix; 
within  the  memory  of  all  that  as  President-Elect  in  the  summer 
of  1907  he  attended  the  Annual  Conversazione,  and,  accompanied 
by  Lady  Kelvin,  he  assisted  in  receiving  the  Members  and  guests 
of  the  Institution,  this  being  the  last  occasion  upon  which  he  took 
part  officially  at  a  general  gathering  of  the  Members.  To  the 
great  disappointment  of  the  Members  he  was  prevented  by  Lady 
Kelvin's  illness  from  occupying  the  Chair  as  Prcs>ident  at  the  opening 
of  the  new  Session  on  November  loth.  For  the  same  reason  it  became 
necessary  to  abandon  the  Annual  Dinner,  which  had  been  arranged  to 
take  place  about  the  same  time. 

On  receiving  the  news  of  his  death  all  ordinary  business  was  sus- 
pended at  the  General  Meeting,  held  two  days  later.  The  meeting  was 
adjourned  after  a  brief  reference  by  the  Chairman,  Mr.  Charles  P. 
Sparks,  to  the  great  loss  sustained  by  the  Institution,  and  after  passing 
a  resolution  of  condolence  with  Lady  Kelvin.  Telegrams  of  condo- 
lence were  also  received  from  the  Local  Sections  of  the  Institution  at 
home  and  abroad,  and  from  the  Associazione  Elettrotccnica  Italiana 
and  the  American  Institute  of  Electrical  Engineers,  of  both  of  which 
Societies  he  was  an  Honorary  Memlx;r. 

The  Institution  joined  with  the  Royal  Society  in  requesting  for 
Lord  Kelvin  the  honour  of  burial  in  Westminster  Abbey,  and  on  per- 
mission being  granted,  the  Royal  Society  undertook  the  necess;u-y 
arrangements  for  the  funeral.  Dr.  R.  T.  Glazcbrook,  F.R.S.,  Past- 
President,  acted  as  one  of  the  pall-bearers,  and  Colonel  R.  E. 
Cromplon,  C.B.,  I*ast- President,  Ofl'icer  Commanding  the  Electrical 
Engineers  (London  Division),  of  which  Lord  Kelvin  was  Honorary 
Colonel,  attended  with  the  officers  of  that  Division  to  form  a  guard  of 
honour.  The  Institution  was  further  represented  by  Sir  William  H. 
Preccc,  K.C.B.,  F.R.S.,  Mr.  C.  E.  Spagnoletti,  Mr.  Alexander  Siemens, 
Sir  Henry  C.  Mance,  CLE.,  Mr.  R.  Kaye  Gray,  and  Sir  John  Gavey, 
C.B.,  Past  Presidents,  by  Mr.  C.  P.  Sparks,  Mr.  F.  GiU,  Dr.  G.  Kapp, 
Vice-Presidents,  and  by  Mr.  W.  Duddell,  F.R.S.,  Mr.  R.  Hammond. 
Dr.   E.  Hopkinson,  Mr.  W.  Judd,  Mr.  J.  E,  Kingsbury,  Mr.  W.  M. 
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Mordey,  Mr.  W.  H.  Patchell,  and  Mr.  A.  A.  C.  Swinton,  Members  of 
Council.  Dr.  Silvanus  P.  Thompson,  F.R.S.,  Past- President,  attended 
as  the  representative  of  the  Italian  Electrotechnical  Association. 

In  the  absence  of  Lord  Kelvin  as  President  at  the  beginning  of  the 
Session,  and  until  his  death,  the  business  of  the  Institution  was  most 
ably  conducted  by  the  Senior  Vice-Presidents,  Mr.  Charles  P.  Sparks 
and  Mr.  Frank  Gill,  who  shared  the  duty  of  presiding  at  Cooncil  and 
Ordinary  General  Meetings. 

With  the  number  of  the  Journal  issued  in  April  a  portrait  of 
Lord  Kelvin  was  published,  together  with  a  brief  memoir  of  his 
career. 

At  the  first  meeting  of  the  Council  in  the  new  year  consideration 
was  given  to  the  election  of  a  new  President,  and  Colonel  R.  E. 
Crompton,  C.B.,  Past-President,  was  unanimously  chosen  to  fill  the 
office  of  President  for  the  remainder  of  the  Session. 

Kelvin  Lectureship. 

As  a  memorial  of  Lord  Kelvin's  work  and  connection  with  the 
Institution,  the  Council  resolved  to  found  a  Kelvin  Lcctoreship,  with 
the  object  of  holding  annually  a  Kelvin  Lecture  at  a  General  Meeting. 
The  first  of  these  lectures  was  delivered  on  April  30th  before  a 
crowded  audience  by  Dr.  Silvanus  P.  Thompson,  F.R.S.,  Past- Presi- 
dent, who  chose  as  his  subject  "  The  Life  and  Work  of  Lord  Kelvin." 
The  lecture  is  now  printed  in  this  volume  of  the  journal,  page  401. 

Growth  of  the  Institution. 

Since  the  date  of  the  last  Annual  General  Meeting,  201  proposals  for 
election  to  corporate  membership,  and  312  proposals  for  election  as 
Student  have  been  considered,  and  there  have  been  elected  7  Members, 
165  Associate  Members,  17  Associates,  and  303  Students.  The  name^ 
of  I  Member  and  i  Associate  have  been  restored  to  the  register,  the 
total  addition  to  the  Roll  of  the  Institution  being  494,  against  which 
there  has  to  be  set  the  decrease  owing  to  deaths,  resignations,  and 
erasures  from  the  List  of  Members. 

To  the  class  of  Members  the^e  have  been  transferred  45  Associate 
Members  and  5  Associates,  to  the  class  of  Associate  Members  there 
have  been  transferred  43  Associates  and  96  Students,  and  to  the  class 
of  Associates  there  has  been  transferred  i  Student. 

The  Council  have  had  occasion  during  the  past  year  to  congratulate 
several  members  of  the  Institution  upon  whom  honours  have  been 
conferred. 

In  1907,  on  his  retirement  from  the  position  of  Engineer-in-Chief 
to  the  General  Post  Office,  Sir  John  Gavey,  C.B.,  Past-President,  was 
created  a  Knight.  Sir  J.  Irving  Courtenay,  Member,  also  received  the 
honour  of  Knighthood;  The  Right  Honourable  Sir  W.  B.  Gurdon,  C,B., 
K.C.M.G.,  Associate,  was  appointed  a  Member  of  the  Privy  CounciL 
Lieutenant-Colonel  A.  H.  Bagnold,  R.E.,  C.B.,  Member,  and  Professor 
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James  A.  Ewing,  C.B.,  Member,  received  the  Order  of  Commander  of 
the  Bath,  and  Mr.  E.  H.  Lamb,  C.M.G.,'  Associate,  was  created  a 
Companion  of  the  Order  of  St.  Michael  and  St.  George. 

The  change  in  the  Roll  during  the  past  twelve  months  is  shown  in 
the  following  table  : — 


1 

1907. 

1 

1908.          1 

(     Honorary  Members  ... 

7 

5 

Members         

..    1         1.055 

».093 

AsstK'iate  Members   ... 

.    1,982 

2,182 

Associates        

1,268 

M36 

Students          

1,517 

»,543 

Foreign  Members      ... 

116 

109 

Total 


5.945 


6,o6« 


Members  Deceased. 

Reference  has  already  been  made  to  the  death  of  Lord  Kelvin. 

With  deep  regret  the  Council  has  also  to  report  the  death  of  Mr. 
Francis  Hughes  Webb  (formerly  Secretary  of  the  Institution),  which 
took  place  at  his  residence  in  Hampstead  on  May  17,  1908.  Mr.  Webb 
held  the  office  of  Secrctar^^  for  twenty  years,  and  by  his  unfailing 
courtesy  and  kindliness  had  endeared  himself  to  all  members  with 
whom  be  came  in  contact.  After  his  retirement  in  1898  he  remained 
an  Associate  and  continued  to  take  a  close  personal  interest  in  the 
progress  and  welfare  of  the  Institution  with  which  he  was  so  long  and 
honourably  connected. 

The  names  of  other  well-known  Members  who  have  died  during  the 
List  twelve  months  are  Mr.  James  N.  Shoolbred,  B.A.,  Mr.  W.  K.  L. 
Gainc,  General  Manager  of  the  National  Telephone  Company,  and 
Mr.  K.  Danielson,  of  Westeras,  Sweden,  Foreign  Member. 

A  short  account  of  the  careers  of  meml>ers  deceased  will  be  found 
in  the  obituary  notices  published  in  the  journal. 

The  list  of  those  who  have  died  during  the  past  Session  i^  as 
follows : — 

President  and  Honorary  Member, 
The  Right  Hon.  Lord  Kelvin,  O.M.,  G.C.V.O. 


Members, 

R.  V.  Boyle,  CLE.  |  W.  E.  L.  Gaine. 

J.  N.  Shoolbred. 
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Associate  Members. 


G.  H.  S.  Drewett. 
J.  Edgar. 
J.  K.  Mellor. 


P.  Dewhirst. 
H.  H.  Hodd. 
C.  A.  Morgan. 

E.  Danielson 


George  Stevenson. 
H.  Topham. 
J.  Woodside. 


Associates, 


W.  T.  Tunbridge. 

F.  H.  Webb  {Sec,  1878-98  u 

J.  J.  Wright 


Foreign  Members, 

C.  Poulsen. 


Rev.  E.  Lafont,  S.J.,  C.I.E^         |  O.  Straube. 

Students, 


G.  O.  Earle. 
R.  H.  Gardner. 


S.  C.  Kefford. 
H.  V.  Lewis. 


Resignations. 

4  Members,  16  Associate  Members,  37  Associates,  2  Foreign 
Members,  and  118  Students  have  resigned  since  the  date  of  the  lak 
Annual  Report. 

Meetings  and  Papers. 

During  the  past  Session  19  General  Meetings  and  21  Council  Meet- 
ings  have  been  held.  The  usual  standing  Committees  have  met  regu- 
larly throughout  the  Session,  and  se^^^ral  Occasional  Committees 
appointed  by  the  Council  for  the  consideration  of  special  matter^* 
coming  before  them  have  also  met,  the  total  number  of  Committee 
Meetings  held  during  the  Session  being  100. 

There  have  been  48  meetings  of  Local  Sections,  namely,  at  Bir- 
mingham 7,  at  Dublin  6,  at  Glasgow  6,  at  Leeds  7,  at  Manchester  9, 
at  Newcastle  7,  and  at  Capetown  6. 

Annual  Dinners  and  other  social  functions  were  held  at  Dublin, 
Glasgow,  Leeds,  Manchester,  and  Newcastle,  which  were  well  at- 
tended by  members  and  guests.  Members  of  Council  also  availed 
themselves  of  the  opportunities  thus  afforded  of  meeting  ihe  member^ 
resident  in  the  Provinces. 

At  the  beginning  of  the  Session  under  review,  the  Council,  in  con- 
sultation with  the  Committees  of  the  Local  Sections,  introduced  a 
new  method  of  dealing  with  papers  offered  to  the  Institution  for 
reading  and  publication.  Since  the  inauguration  of  the  Local  Sections 
up  to  last  year,  each  centre  had  undertaken  the  responsibility  of 
selecting  papers  for  reading  and  discussion,  with  the  result  that 
valuable  and  important  papers  were  sometimes  read  at  one  centre 
only,  with  scarcely  sufficient  regard  to  their  interest  to  the  In^- 
tution  as  a  whole.     Under  the  new  arrangement  all  papers,  whether 
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offered  direct  to  the  head  office  or  to  the  Local  Section  Com- 
mittees, arc  submitted  t>efore  reading  or  publication  to  the  Papers 
and  Editing  Committee  in  London,  specially  appointed  for  the 
purpose,  upon  which  each  Local  Section  is  represented  by  its  Chairman 
for  the  time  being,  or,  in  case  of  his  inability  to  attend,  by  the  Local 
Hon.  Secretary.  The  Chairmen  have  devoted  much  of  their  valuable 
time  to  attending  the  meetings  of  this  Committee.  The  function  of 
the  Committee  is  to  make  recommendations  to  the  Council  as  to  the 
acceptance  of  papers  for  publication,  and  as  to  whether  they  can  be 
usefully  read  and  discussed  at  the  General  Meetings  in  London  and  at 
one  or  more  Local  Sections,  due  regard  being  paid,  in  the  case  of 
papers  from  Local  Sections,  to  the  wishes  of  the  Local  Section  of 
origin. 

Copies  of  all  papers  approved  by  the  Council  for  publication  are 
circulated  as  soon  as  possible  to  the  Hon.  Secretaries  of  all  the  Local 
Sections.  From  these  it  is  open  to  all  Local  Section  Committees  to 
select  any  paper  which  they  may  consider  of  interest  to  the  meml>ers 
in  their  district  for  inclusion  in  their  programmes.  One  reservation 
only  is  made — namely,  that  in  the  case  of  papers  put  down  for  reading 
in  London,  these  cannot  be  read  and  discussed  elsewhere  earlier  than 
the  week  in  which  they  come  before  the  General  Meeting  in  London. 
Thus  the  new  scheme  makes  it  p>ossible  to  read  any  paper  practically 
simultaneously  at  several  centres  if  desired,  ^nd  advantage  has  been 
taken  of  this  arrangement  in  several  instances  in  the  past  Session. 

Besides  many  papers  of  importance  submitted  in  the  usual  way  for 
reading  and  discussion,  two  events  in  the  programme  of  special  interest 
to  Members  were  the  lecture  by  Sir  William  H.  Freece,  K,C.B.,  Past 
President,  on  his  recent  visit  to  America,  and  the  First  Kelvin  Lecture, 
delivcrc*d  by  Dr.  Silvanus  P.  Tliompson,  Past  President,  already 
referred  to. 

The  following  is  the  list  of  papers  and  lectures,  with  the  places 
where  read  or  delivered  : — 

List  ok  Papkks. 

"The  Dielectric  Strenj^tli  t)t  Inaulalinj;  Malcrial"*  anti  llic  (Iraclin^  (if  Cible*,"  by 
Dr.  A.  KissEi-L,  Member.     (Kead  m  Iy<»nilon.) 

••  The  Devcl»>pnicnt  «»t  Turh*>-)4tneralnrs,**  by  Dr.  R.  F*(>Hl.,  AwK-iatc  MetnlMrr. 
(Kead  in  L«)n<lon  and  I^eds.) 

"  Automatic  Cab-'^if^riallin^  on  L<>Ci)motives,"  by  J.  pKrO,  Member.  (Read  in 
I^ondon  and  Newcastle.) 

••C*>*tot  Electrical  Pt»\vcr  f<»r  Industrial  PurrH^ses"  ^^v  J.  F.  C.  SxKLL,  Member. 
(Read  in  London.  Dublin.  Glasj^ow,  and  Leeds.) 

••Standard  Perlotmances  o|  Electnc.U  Machines.*'  by  R.  GOLDscHMlDT,  Ass<iciatc 
Member.     (Read  in  London.) 

••  I*rotcctive  De\icei»  for  HiKh-tcnsion  Tran-mivsion  Circuits."  by  J.  S.  p£CK, 
Member.     (Read  in  London.  NLiiKhcsler,  and  Dublin.) 

♦•Electrical  Power  in  Railw.iy  GihkIs  Warehouses."  by  H.  HEXDtKM)^,  A»!*<M.iate 
Member.     (Read  in  London  and  Newcai»tle.) 

"Electric  Power  in  Dt>cks,'  by  C.  E.  TAYLOR,  AsMKiatc  MemlK-r.  (Reatl  m 
LoadoQ  and  Ncwcoatlc.) 
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"  Fuse  Phenomena,"  by  A.  SCHWARTZ,  Member,  and  W.  H.  N.  Jame^  Aisodate 
Member.    (Read  in  London  and  Manchester.) 

"America  Revisited,  1907,"  Lecture  by  Sir  W.  H.  Preece,  K.C.B.,  F.R.a,  Pasl 
President.    (Delivered  in  London.)  "* 

"  New  Alternate  Current  Instnmients,"  by  Dr.  W.  E.  SUMPKER,  Member,  and 
J.  W.  Record,  Associate  Member.    (Read  in  London  and  Birmingham.) 

•'  High  Speed  Electrical  Machinery,"  by  G.  Stoney,  Member,  and  A.  H.  L4W, 
Associate.    (Read  in  London  and  Newcastle.) 

"  Electric  Supply  Prospects  and  Charges  as  affected  by  Metallic  Filament  Lamps 
and  Electric  Heating,"  by  H.  W.  Handcock  and  A.  H.  Dykes,  Members.  {Rod 
in  London,  Dublin,  and  Glasgow.) 

"  The  Life  and  Work  of  Lord  Kelvin  "  (First  Kelvin  Lecture),  by  Dr.  Sn-VAXUS  P. 
Thompson,  F.R.S.,  Past  President.    (Delivered  in  London.) 

"The  Manufacture  of  Electrical  Condensers,"  by  G.  F.  Mansbridge,  Member. 
(Read  in  London.) 

"  Switchgear  Control  Apparatus  and  Relays  for  Alternating-Current  Circnits,' 
by  Dr.  C.  C.  GARRARD,  Member.    (Read  in  London.) 

"Recent  Progress  in  Tungsten  Filament  Lamps,"  by  H.  HiRST,  Member.  (Read 
in  London.) 

Inaugural  Address  by  Dr.  G.  Kapp,  Chairman,  Birmingham  Local  Sectkn. 
(Delivered  in  Birmingham.) 

"Torque  Conditions  in  Alternate-current  Motors,"  by  V.  A.  Fynx,  Member. 
(Read  in  Birmingham.) 

"Heat  Conductivity  of  Iron  Stampings,"  by  T.  M.  Barlow,  Student.  (Read 
in  Birmingham.) 

"Artificial  Load  for  Testing  Electrical  Generators,"  by  R.  K.  MORCOU  and 
Dr.  D.  K.  Morris,  Members.    (Read  in  Birmuigham.) 

Inaugural  Address  by  T.  TOMLixsoy,  Chairman,  Dublin  Local  Section.  (Deli\-ered 
in  Dublin.) 

Inaugural  Address  by  Professor  F.  G.  Baily,  Chairman,  Glasgow  Local  Section. 
(Delivered  in  Glasgow.) 

"  Polyphase  Induction  Motors — Choice  of  Type,"  by  G.  STEVENSON,  Associate 
Member.    (Read  in  Glasgow.) 

Inaugural  Address  by  Professor  G.  D.  Aspinall  Parr,  Chairman,  Leeds  Local 
Section.    (Delivered  in  Leeds.) 

"  The  Magnetic  Testing  of  Iron,"  by  W.  H.  F.  MURDOCH,  Associate  Member. 
(Read  in  Leeds). 

"The  Commercial  Aspect  of  Electric  Power  Supply,"  by  W.  B.  Woodhocse. 
Associate  Member.    (Read  in  Leeds.) 

"  Wiring  Rules  of  the  German  Society  of  Electrical  Engineers,"  by  W.  P 
Steinthal,  Associate  Member.    (Read  in  Leeds.) 

"  Heating  of  Ventilated  and  Enclosed  Motors,"  by  W.  Hartxell,  Mexnixr. 
(Read  in  Leeds.) 

"  Electrical  Driving  of  Textile  Factories,"  by  H.  W.  WiLSOK,  Associate  Mt-mbrr 
(Read  in  Manchester.) 

"  Magnetic  OscilKitions  in  Alternators,"  by  G.  W.  WORRALL,  .Associate  Mctnber. 
(Read  in  Manchester.) 

"The  Reluctance  of  the  Air-gap  in  Dynamos,"  by  T.  F.  WALL,  Student.  (Read  ia 
Manchester  and  Birmingham.) 

"Direct-current  Turbo-generators,"  by  W.  HOULT,  Associate  Member.  (Read 
in  Manchester.) 

."Electrolytic  Corrosion,"  by  Dr.  W.  W.  Haldane  Gee,  Associate  Member. 
(Read  in  Manchester.) 

"  Management  of  Engineering  Works,"  by  E.  THOMAS.    (Read  in  Manchc«trr.> 

Inaugural  Address  by  J.  PiGO,  Chairman,  Newcastle  Local  Section.  (Delivered  tc 
Newcastle.) 
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•*  Experimental  Determination  of  the  Losses  In  Pole  Shoes  due  to  Annature 
Teeth,"  by  T.  F.  WALL.  Student,  and  S.  P.  SMITH.  (Read  in  Newcastle  and 
Birmingham.) 

"The  Design  and  Use  of  Telephone  and  Telegraph  Cables,"  by  F.  Tremain. 
Member.    (Read  in  Newcastle.) 

In  addition  to  the  above-mentioned  papers  the  following  have 
been  accepted  as  "Original  Communications/'  and  printed  in  the 
Journal: — 

**  A  Method  of  Plotting  the  Hysteresis  Loop  for  Iron,  with  an  Application  to 
a  Transformer,"  by  Dr.  G.  KapP.  Vice-President. 

•*  The  Air-gap  Correction  Coefficient,**  by  P.  H.  POWELL,  Associate  Member. 

"The  Potential  of  Partially  Insulated  Systems  in  Relation  to  the  Potential  of 
Earth,"  by  M.  B.  FlELD,  Member. 

Salomons  Scholarship. 

The  Council  have  awarded  two  Salomons  Scholarships,  value  £50 
each,  to — Mr.  Herbert  Carnegie,  of  the  Finsbury  Technical  College, 
London;  and  Mr.  Alfred  Hutt,  of  the  Central  Technical  College 
London. 

David  Hughes  Scholarships. 

A  David  Hughes  Scholarship,  value  £^0,  has  also  been  awarded 
by  the  Council  to— Mr.  Clifford  Higgins,  of  the  Central  Technical 
College,  London. 

Annual  Premiums. 

The  following  premiums  for  papers  and  communications  have  been 
awarded  by  the  Council  this  year.  In  accordance  with  precedent,  in 
deciding  upon  these  awards  the  Council  have  not  taken  into  account 
papers  contributed  by  members  at  present  holding  office  on  the  Council. 

The  Institution  Premium,  value  £2^, 

to  Mr.  G.  Stoney  (Member)  and  Mr.  A.  H.  Law  (Associate),  for  their 
paper  on  "  High  Speed  Electrical  Machinery." 

The  Paris  Electrical  Exhibition  Premium,  value  £10, 
to  Mr.  J.  S.  Peck  (Member),  for  his  paper  "Protective  Devices  for 
High-tension  Transmission  Circuits." 

An  Extra  Premium,  value  £\o, 

to  Mr.  J.  F.  C.  Sn'ELL  (Mcml>cr),  for  his  paper  on  "  The  Cost  of  Elec- 
trical Power  for  Industrial  Purposes." 

An  Extra  Premium,  value  ;fio, 

to  Dr.  A.  Russell  (Member),  for  his  paper  on  "  Dielectric  Strength  of 
Insulating  Materials  and  Grading  of  Cables." 


820  REPORT  OF  THE  COUNCIL.  [May  »h. 

An  Extra  Premium,  value  £io, 

to  Dr.  W.  W.  Haldane  Gee  (Associate  Member),  for  his  paper  oo 
"  Electrolytic  Corrosion." 

An  Extra  Premium,  value  ;£io, 

to  Mr.  T.  M.  Barlow  (Student),  for  his  paper  on  '*  Heat  Conductivity 
of  Iron  Stampings." 

Students'  Premiums. 

A  First  Students*  Premium,  value  ;£io,  to  Mr.  H.  R.  Speyer  (Frank- 
fort-on-Mainc),  for  his  paper  on  ''The  Electrification  of  the 
Mansfeld  Copper  Mines.'* 

A  Second  Students'  Premium,  value  £S,  to  Mr.  L.  H.  A.  Carr  (Man- 
chester), for  his  paper  on  "  Electricity  and  Matter." 

Three  Students'  Premiums,  each  of  the  value  of  £s,  to  Mr.  A.  Hamilton 
(Glasgow),  for  his  paper  on  "The  Brown,  McKenzie  System  of 
Electric  Block  Signalling"  ;  to  Mr.  H.  W.  Gregory  (London),  for 
his  paper  on  "The  Motor  Converter";  and  to  Mr.  P.  C.  Jones 
(Manchester),  for  his  paper  on  "  Starters  and  Control  Gear.'' 

Those  Students'  papers  which  gained  a  premium  have  been  printed 
in  the  Journal  in  full  or  in  long  abstract. 

Students'  Section. 

At  the  opening  meeting  of  their  session  an  address  to  the  students 
was  delivered  by  Mr.  Robert  Hammond  on  the  subject  of  "  Electrical 
Legislation." 

Nine  meetings  altogether  of  the  Students'  Section  have  been  held  in 
the  Library  of  the  Institution,  at  which  seven  papers  have  been  read 
and  discussed.  The  Students'  Committee  also  organised  a  visit  to 
Switzerland  in  the  summer  of  1907,  where  they  visited  the  following 
works,  laboratories,  and  other  places  of  interest :  Messrs.  Brown- 
Boveri  &  Co.,  Ltd.,  Messrs.  Escher  Wyss  &  Co.,  Maschinenfabrik 
Ocrlikon,  Messrs.  Sulzer  Bros.,  Schweizerische  Lokomotiv  and 
Maschinenfabrik,  at  Winterthur,  the  Zurich  Polytechnic  and  the 
Jungfrau  Electric  Railway  Company. 

The  arrangements  of  the  visit  were  planned  and  carried  out  by  the 
Chairman,  Mr.  E.  W.  Moss,  and  his  Committee,  and  the  great  success 
of  the  visit  was  largely  owing  to  Mr.  Moss's  skilful  organisation  of  the 
expedition.  The  party  was  everywhere  most  kindly  and  hospitably 
received. 

A  series  of  visits  to  works  and  laboratories  in  and  about  London 
was  made  during  the  session,  and  the  Annual  Dinner  of  the  Students' 
Section,  held  on  March  24th,  was  very  well  attended. 


1908]  REPORT  OF  THE   (X)UNCIL.  B21 

The  Manchester  Branch  of  the  Students'  Section  has  also  completed 
a  successful  session,  having  held  seven  meetings  and  read  seven  papers. 
Visits  to  various  works  in  the  district  were  also  organised  by  kind 
permission  of  the  firms  concerned.  The  Students'  Committee  at 
Manclicster  are  to  be  congratulated  on  the  success  of  the  Section  in 
that  cenire. 

Two  meetings  have  also  been  held  by  the  Gkisgow  Branch  of 
the  Students'  Section,  at  which  two  papers  have  been  read  under  the 
chairmanship  of  Professor  Magnus  Maclean. 

The  list  of  those  papers  by  students  for  which  premiums  have  been 
awarded  is  given  above. 

ixcori»oration  of  the  imperial  college  ok  science  and 
Technology. 

In  July,  1907,  the  Imperial  College  of  Science  and  Technology  was 
incorporated  by  Royal  Charter,  Article  IV.  of  which  provides  that 
among  other  Personages  and  Authorities  the  leading  scientific  societies 
shall  nominate  each  one  representative  to  be  a  member  of  the 
governing  body,  the  term  of  office  for  each  member  being  four  years. 
The  Council  accordingly  appointed  Mr.  Robert  Kaye  Gray,  Past 
President,  as  the  first  representative  of  the  Institution  upon  the 
governing  t>ody  of  the  College. 

Home  Office  Regui..\tions  for  thb  Use  of  Electricity  in 
Factories. 

By  the  courtesy  of  the  Home  Office  the  Institution  was  invited  last 
year  to  consider  and  offer  observations  upon  the  new  Draft  Regulations 
prepared  by  the  Secretary  of  State  in  pursuance  of  the  Factory  and 
Workshop  Act  (1901).  The  question  was  referred  to  the  Traction, 
Light,  and  Power  and  the  Parliamentary  and  Industrial  Committees  in 
joint  meeting,  with  Mr.  Alexander  Siemens,  Past  President,  as  Chair- 
man. The  Committee  devoted  many  sittings  to  the  work,  and  the 
Council  in  due  course  received  their  report  containing  suggestions  for 
the  amendment  of  the  Rules,  which  were  submitted  to  the  Home 
Office.  Subsequently  Mr.  James  Swinburne,  F.R.S.,  Past  President, 
was  appointed  Commissioner  by  the  Home  Office,  to  conduct  a  public 
inquiry,  at  which  Mr.  Alexander  Siemens  again  gave  his  services  by 
attending  on  behalf  of  the  Institution. 

Wiring  Rules. 

The  issue  of  the  revised  edition  of  the  Wiring  Rules  was  reported 
at  the  last  Annual  (reneral  Meeting.  Owing  to  the  large  demand  for 
copies  it  was  found  necessary  to  reprint  them  in  June,  and  in  ail  about 
3,600  copies  of  the  new  edition  have  been  distributed.  It  is  satisfactory 
to  note  that  the  Rules  have  been  adopted  by  36  fire  offices  and  that  30 
local  authorities  and  supply  companies  have  agreed  to  accept  them  as 
standard  practice  and  to  recommend  their  use. 
Vol.  41.  M 
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The  Committee  hopes  to  resume  its  meetings  in  the  autumn  to  con- 
sider such  proposed  amendments  as  have  already  been  received,  and 
also  to  revise  the  Rules  as  far  as  may  be  rendered  necessary  by  the 
putting  into  operation  of  the  new  Home  Office  Regulations, 

British  Electrotechnical  Committee. 

The  British  Electrotechnical  Committee  was  appointed  by  the  Council 
on  July  26,  1906,  to  act  under  and  in  accordance  with  the  proposed  Rules 
of  the  International  Commission,  which  were  provisionally  agreed  to 
at  the  Preliminary  Meeting,  held  in  June,  1906,  in  London.  Sir  John 
Gavey,  C.B.,  was  appointed  President  and  Sir  William  Prcece,  K.C.B., 
and  Mr.  Alexander  Siemens  Vice-Presidents  of  the  Committee.  The 
full  list  of  the  Committee  is  as  follows  : — 

Sir  John  Gavey,  C.B.  (President), 

Sir  Wm.  H.  Preece,  K.C.B.,  F.R.S. 
Mr.  Alexander  Siemens 

The  Rt.  Hon.  Lord  Rayleigh,  O.M., 

F.R.S. 
Colonel  R.  E.  Crompton,  C.B. 
Colonel  H.  C.  L.  H olden,  F.R.S. 
Mr.  W.  Duddell,  F.R.S. 
Mr.  Kenelm  Edgcumbe. 
Dr.  R.  T.  Glazebrook,  F.R.S. 
Mr.  R.  Kaye  Gray. 
Mr.  Robert  Hammond. 
Dr.  Gisbert  Kapp. 


\{Vice'Presidenisy 


Mr.  T.  Mather,  F.R.S. 

Mr.  H.  W.  MUler. 

Mr.  W.  M.  Mordey. 

Professor  J.  Perry,  F.R.S. 

Mr.  Charles  P.  Sparks. 

Mr.  James  Swinburne,  F.R.S. 

Professor  S.  P.  Thompson,  F.R.S. 

Mr.  A.  P.  Trotter. 

Mr.  E.  B.  Vignoles. 

Mr.  C.  H.  Wordingham. 

Mr.  G.  C.  Lloyd  {Honorary  Secretary), 

Mr.  C.  le  Maistre  {Secretary), 

In  accordance  with  the  Rules  of  the  Institution  the  Committee  ia 
re-appointed  annually.  It  has  full  direction  of  the  work  of  the  Sub- 
committees, of  which  at  present  two  have  been  appointed,  the  Sub- 
Conunittcc  on  Nomenclature,  with  Mr.  A.  P.  Trotter,  the  Electrical 
Adviser  to  the  Board  of  Trade,  as  the  Chairman,  and  the  Sub*Committec 
on  Symbols,  appointed  January  16,  1908,  with  the  Right  Hon.  Lord 
Rayleigh  as  the  Chairman  and  Professor  Silvanus  P.  Thompson  the 
Vice-Chairman. 

At  the  second  meeting  of  the  Committee,  Colonel  Crompton,  the 
Honorary  Secretary  of  the  Commission,  reported  that  committees  had 
been  formed  in  Austria,  Belgium,  Denmark,  France,  Germany,  Hungary, 
Mexico,  Spain,  Sweden,  and  the  United  States,  and  that  the  matter  \\-a> 
being  considered  in  Australia,  the  Argentine  Republic,  Canada,  Japan. 
South  Africa,  and  Switzerland.  With  regard  to  Italy,  he  understood 
from  Mr.  G.  Semenza,  who  had  been  a  delegate  at  the  Preliminary  Con- 
ference,  that  there  was  every  likelihood  of  a  committee  bemg  formed 
there  at  no  very  distant  date. 
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Owin^;  to  the  death  of  Lord  Kelvin  the  office  of  President  of  the 
CommisMon  became  vacant,  and  steps  to  fill  the  vacancy  will  be  taken 
at  the  next  meeting  of  the  Commission. 

According  to  the  Rule  which  provides  that  each  committee  shall 
elect  one  delegate  to  the  Council  of  the  Commission,  Dr.  R.  T.  Glaze- 
brook,  F.R.S.,  has  been  appointed  British  Delegate,  and,  together  with 
Sir  John  C»avey,  C.B.,  President  of  the  Committee,  will  attend  the 
meeting  of  that  Council,  which  in  all  probability  will  be  held  in 
London  next  October. 

A  Sub-Committee  will  shortly  be  appointed  to  deal  with  the  classifi- 
cation of  electrical  machinery  and  apparatus — that  is  to  say,  to  under- 
take all  practical  questions.  One  of  the  first  points  to  which  they  are 
likely  to  turn  their  attention  is  the  question  of  "  Standards  of  Light," 
ajid,  with  the  co-operation  of  the  other  Electrotechnical  Committees, 
it  is  hoped  that  a  satisfactory  decision  may  in  due  course  be  arrived  at. 

City  axd  Guilds  of  London  Institute — Examinatio.ns  in 
Wi  REM  en's  Work. 

An  Advisory  Committee  was  appointed  in  1906  by  the  City  and 
Guilds  of  London  Institute  to  revise  their  syllabus  for  examination  in 
electrical  wiremen's  work,  to  which  Committee  the  Council  was  invited 
to  nominate  representatives.  Mr.  James  Swinburne,  K.R.S.,  Past  Presi- 
dent, and  Mr.  W.  H.  Patchell,  Member  of  Council,  were  accordingly 
asked  to  act,  and  subsequently  representations  were  made  to  the 
Council  by  that  Institute  that  they  were  of  opinion  that  considerable 
encouragement  would  be  given  to  electric  wiremen  in  raising  their 
trade  status  if  the  Council  could  see  its  way  to  permit  recognition  by 
the  Institution  of  Electrical  Engineers  of  the  City  and  Guilds  cer- 
tificates. As  it  was  felt  that  such  co-operation  of  the  Institution  in 
the  matter  would  be  advantageous  to  the  industry  generally,  the  pro- 
posal was  favourably  entertained,  and  it  was  agreed,  subject  to  approval 
of  the  syllabus  of  instruction,  to  give  assistance  this  year  by  appointing 
qualified  persons  to  represent  the  Institution  and  attend  the  practical 
examinations.  The  following  members  very  kindly  agreed  to  give 
their  services  on  behalf  of  the  Institution  and  to  furnish  a  short  report 
on  the  manner  in  which  the  candidates  performed  the  practical  part 
of  their  work  :— 

London  Centres —  London  Centres  (continued) — 
Woolwich,  P.  R.  Friedlaender.  Paddington,  W.  R.  Rawlings. 

Mile  End  Rd.,  Dr.  J.  Henderson.         South  Tottenham,  G.  H.  Baker. 
East  Ham,  A.  H.  Seabrook.  Wimbledon,  H.Tomlinson-Lec. 

West  Ham,  W.  T.  MaccaU.  Kilburn.  J.  E.  Pownall. 

Poplar,  J.  H.  Bowden.  Highgate,  Dr.  C.  V.  Drysdale. 

Clcr  ken  well,  V.  A.  Mundella,  Barnsley,  E.  A.  Barker. 

Borough  Road,  J.  T.  Morris.  Bath,  S.  F.  Walker. 

Battcrsca,  F.  A.  Bond.  Belfast,  R.  SUnlcy. 
Chelsea,  P.  Still.                             .  Birmingham,  Dr.  W.  E.  Sumpner. 

Chiiwick,  A.  W.  Money.  Blackburn,  P.  P.  Wheelwright 
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Bolton,  A.  A.  Day. 
Brighton,  C.  B.  Smith. 
Bristol,  Professor  A.  P.  Chattock. 
Cork,  H.  G.  Whiting. 
Croydon,  A.  C.  Crarab. 
Darlington,  E.  Cox- Walker. 
Derby,  W.  C.  Goodchild. 
Dublin,  T.  Tomlinson. 
Enfield,  H.  H.  Perry. 
Huddersfield,  A.  B.  Mountain. 
Kingston,  J.  E.  Edgcome. 
Lancaster,  W.  A.  Tester. 


Leeds,  H.  Dickinson. 
Manchester,  E.  S.  Bradburne. 
Norwich,  F.  M.  Long. 
Peterboro',  G.  H.  Hardwick. 
Plymouth,  E.  G.  Okell. 
Portsmouth,  B.  Handlcy. 
Redhill,  A.  W.  Makovski. 
Rotherham,  G.  Young. 
Runcorn,  A.  Lester  Taylor. 
Salf ord,  A.  Kelly. 
Sheffield,  E.  H.  Crapper. 
Tonbridge,  Horace  Boot. 


Wolverhampton,  H.  A.  Howie, 

To  all  of  these  members  the  Council  desires  to  express  its  acknow- 
ledgments of  the  valuable  services  they  have  been  good  enough  to 
render  to  the  Institution  in  this  respect. 

"Science  Abstracts." 

In  the  work  of  publishing  Science  Abstracts  the  Committee  has  con- 
tinued to  receive  the  assistance  and  financial  support  of  the  Physical 
Society  of  London.  The  American  Institute  of  Electrical  Engineers  and 
the  American  Physical  Society  have  also  again  given  valuable  assistance 
in  distributing  the  periodical  among  their  members  and  in  bringing 
it  prominently  to  their  notice.  This  year  the  Associazione  Elettrotec- 
nica  Italiana  has  also  joined  in  supporting  the  publication  by  promoting 
the  circulation  of  it  among  their  members,  to  whom  there  has  been 
granted  a  special  subscription  rate,  in  return  for  which  the  Italian 
Society  has  kindly  offered  a  similar  concession  to  the  members  of  the 
Institution  in  respect  of  its  own  Transactions, 

In  1907,  2,132  and  1,474  sibstracts  were  published  in  the  two 
sections,  *•  Physics"  and  "Electrical  Engineering  '  respectively  (1^296 
pages  in  all).  The  usefulness  of  the  publication  is  shown  by  the  fact 
that  the  amount  realised  by  sales  to  the  public  and  members  of  other 
Institutions,  apart  from  members  of  this  Institution  and  of  the  Physical 
Society,  was  ;£487. 

Other  Work  of  the  Institution. 

The  Council  was  recently  informed  by  the  Army  Council  that  the 
War  Office  proposed  to  establish  Electrical  Engineering  Corps  for 
attachment  to  the  Territorial  Army  at  certain  centres  in  the  United 
Kingdom,  and  the  Institution  was  invited  to  co-operate  with  the 
County  Associations  in  finding  officers  with  electrical  engineering 
qualifications  to  command  these  units.  The  Council  is  at  present  in 
communication  with  the  County  Associations  on  the  matter. 

A  request  was  received  in  the  course  of  last  year  from  the  Executive 
Committee  of  the  Franco- British  Exhibition  to  assist  in  organising  an 
Electrical  Section  in  connection  with  the  Engineering  and  Shippiing 
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Group  of  the  Exhibition.  The  Electricity  Supply  Companies  of 
London  have  agreed,  subject  to  satisfactory  support  for  the  scheme 
being  forthcoming,  to  give  financial  assistance,  and  they  have  under- 
taken the  responsibility  of  organising  a  collective  electrical  exhibit  in 
the  Machinery  Hall. 

Presentations  from  Other  Societies. 

In  courteous  recognition  of  the  reception  and  entertainment  of 
their  memt>crs  on  the  occasion  of  the  visit  of  kindred  institutions 
in  the  summer  of  1906,  the  American  Institute  of  Electrical  Engineers 
has  presented  to  the  Institution  a  bronze  bust  of  Benjamin  Franklin. 
The  presentation  took  place  with  due  ceremony  at  the  Ordinary 
General  Meeting  of  April  30th,  and  was  made  on  behalf  of  the 
American  Institute  by  Mr.  H.  F.  Parshall,  M.I.E.E.,  their  Honorary' 
Secretary  for  Great  Britain. 

The  Societe  Internationale  des  Elcctricicns  has  also  expressed  with 
great  courtesy  its  appreciation  of  the  hospitality  granted  to  its  members 
on  the  same  occasion  by  presenting  through  its  President,  Monsieur 
Henri  Becquerel,  a  gold  medal  bearing  on  its  obverse  a  head  of  Andre- 
Marie  Amp>ere,  and  on  the  reverse  the  names  of  the  two  Institutions 
and  the  date  at  which  the  visit  took  place. 

The  Council  is  greatly  gratified  at  the  kind  manner  in  which  the 
American  Institute  and  the  French  Society  have  expressed  their 
acknowledgments  of  their  recent  reception  by  their  British  colleagues. 

Museum. 

Space  has  now  been  provided  at  the  Institution  for  the  temporary 
accommodation  of  the  articles  collected  for  the  Museum.  Some  valu- 
able apparatus  and  objects  of  historical  interest  have  been  accumulated, 
due  chiefly  to  the  generosity  of  members  and  firms  interested,  and  a 
committee  is  now  in  charge  of  the  work  of  classifying  and  arranging 
the  articles.  It  is  hoped  that  members  will  assist  in  creating  a 
museum  worthy  of  the  Institution  by  presenting  apparatus  of  historical 
interest  or  by  advising  the  Council  of  the  existence  of  such. 

Benevolent  Fund. 

The  Committee  of  Management  reports  that  the  Benevolent  Fund 
of  the  Institution  shows  a  satisfactory  increase  for  the  past  year.  On 
December  31,  1907,  the  capital  .nccount  of  the  Fund  st(xxi  at 
£^»7SS  9*-  "d»  ^  compared  with  £2,^^2  i6s.  4d.  at  the  end  of  1906. 
The  donations  to  the  Fund  in  1907  include  one  of  £$2  los.  from  the 
Western  Electric  Company,  and  another  of  ^'37  from  the  Committee 
of  the  Electrical  Engineers'  B;ill.  In  January  of  the  present  year  a 
s|>ecial  appeal  was  sent  to  all  members  of  the  Institution,  with  the 
gratifying  result  that  the  capital  account  of  the  Fund  has  since 
the  new  year  t>ecn  increased  to  over  £3,000.    The  special  donations 
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since  the  new  year  in  answer  to  this  appeal,  which  have  not  been  taken 
account  of  in  the  balance  sheet  for  the  year  under  consideration,  in- 
clude one  of  loo  guineas  from  Mr.  W.  B.  Esson  (Member).  With  their 
accustomed  generosity  the  Committee  of  the  Electrical  Engineers' 
Ball  have  given  a  further  donation  of  £ys  to  the  Fund,  this  being  their 
surplus  from  this  year's  Ball.  The  Council  desire  to  acknowledge 
their  indebtedness  to  the  generosity  of  these  and  other  donors  and 
subscribers  who  have  kindly  continued  to  support  the  Fund. 

Four  grants  in  aid  were  made  during  the  year  under  the  rules  of  the 
Committee. 

The  Wilde  Benevolent  Trust  Fund  stands  at  £1,744  i6s.,  and  one 
grant  in  aid  has  also  been  made  from  the  income  of  this  Fund  in  1907. 

Annual  Accounts. 

The  Report  of  Mr.  Robert  Hammond,  the  Hon.  Treasurer,  shows 
that  the  balance  carried  to  the  General  Fund  at  the  end  of  1907,  being 
excess  of  income  over  expenditure,  was  ;£3,678  9s.  2d.,  as  compared 
with  ;£3,548  15s.  for  1906,  the  increase  for  1907  being  ;£i29  14s.  2d. 

Balance  Sheet, — The  balance  sheet  sets  out  the  total  investments 
other  than  the  investments  of  the  Trust  Funds.  It  will  be  seen  that 
the  total  assets  amount  to  £46,358  i6s.  8d.,  against  which  are  to  be  set 
liabilities  amounting  to  £1,046  2s.  5d.,  leaving  as  the  net  assets  of  the 
Institution  £45,312  14s.  3d. 

The  investments  in  stocks  and  shares  included  in  the  above  appear 
in  the  accounts  at  cost  price  with  a  book  value  of — 

i;      s.  d- 

Life  Compositions      5»555  12  o 

Entrance  Fees 3»7i9  12  11 

Building  Fund  1,940  15  3 

General  Fund 12,042    7  9 


£23,258    7  II 


and  their  value  at  the  current  market  prices  on  April  30th  was  £20,890. 

Trust  Funds, — No  alteration  has  taken  place  in  these  three  Funds 
during  the  year  under  consideration. 

Life  Compositions. — No  alteration  has  taken  place  in  this  Fund 
during  the  year  under  consideration,  and  it  still  stands,  as  reported 
last  year,  at  £5,581  13s. 

Entrance  Fees  Fund,— li  will  be  noticed  that  the  Fund  has  increased 
during  the  year  by  £587  lis.,  and  that  the  total  of  the  Fund  now  stands 
at  £4455  2s.  6d. 

Building  Fund, — It  will  be  noticed  that  the  Fund  has  increased 
during  1907  by  the  amount  of  £643  9s.  id.,  the  increase  being  due  to 
revenue  from  property,  subscriptions,  and  sundry  other  items. 

Out  of  the  available  balance  of  £2,114  ^S^-  4^.,  there  has  been 
invested  during  the  year  on  account  of  this  Fund — 
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£  ».  d. 
;{Ji,cxx>  South- Eastern  Railway  5  per  cent. 

l>el>enturc  Stock  *.447     '     9 

;f  550  Manchester  Corporation  3  per  cent. 

Stock  493  13    6 

£^mo  15    3 

General  Fund. — This  Fund  has  increased  to  the  extent  of 
;^3,678  9s.  2d.,  and  now  stands  at  ;£i 3,900  6s.  4d.  The  investments 
on  account  of  this  Fund  during  the  year  were  as  follows: — 

^  t  d. 
;t  1,500  Great  Central  and  Midland  Railway 

l\  per  cent.  Guaranteed  Stock 1,568  8  9 

;f  1,200  Consols,  2I  per  cent.  ...        ...       1,035  '  o 

;g2/K)3    9    9 

It  will  be  noticed  that,  for  the  first  time,  a  note  has  been  introduced 
into  the  balance  slu'ct  showing  how  the  balance  of  the  General  Fund  is 
made  up. 

Library. — This  year's  account  shows  for  the  first  time  the  amount 
of  the  unexpended  portion  of  the  Library  Grant. 

Summary, — The  increases  of  the  Funds  during  the  year  are  as 
follows  : — 

Entrance  Fees 

Building  Fund  

General  Fund 


Library. 

Under  the  supervision  of  the  Library  Committee  the  work  of  re- 
organising the  Library  makes  satisfactory  progress.  It  will  be  remem- 
bered that  in  1905  the  re-organisation  was  actively  taken  in  hand  by 
a  sub-committee,  which  reported  upon  the  state  of  the  Library  and 
recommended  the  acquisition  of  a  number  of  books,  in  order  to  com- 
plete  the  Institution's  collection  of  electrotechnical  literature  up  to 
diile  as  far  as  possible.  The  list  contained  the  titles  of  1,623  works, 
dating  for  the  most  part  between  1885  and  1905,  with  a  few  earlier 
references.  The  Council  made  a  special  grant  of  money  for  the 
purchiisc  of  these  books,  of  which  up  to  the  present  1,162  have  been 
acquired.  In  addition  to  these  the  number  of  new  books  purchased 
smce  June  i,  ic/>7,  is  142,  and  186  books  and  pamphlets  have  been 
presented  by  members,  publishers,  and  kindred  s<Kietics.  The  Council 
is  pleased  to  note  that  in  consequence  of  the  extended  resources  of  the 
Library,  due  to  the  efforts  of  the  Library  Committee,  the  number  of 
members  who*  consult  it  has  very  considerably  increased  during  the 
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last  year,  which  may  be  regarded  as  a  satisfactory  indication  of  its 
usefuhiess  to  them  as  a  library  of  reference.  The  total  number  of 
readers  during  the  past  twelve  months  has  been  640.  Permission  to 
use  the  Library  has  been  given  to  Members  of  the  Association  of 
Engineers-in-Charge. 


APPENDIX  TO  REPORT. 

TRANSACTIONS,  PROCEEDINGS,  ETC.,  RECEIVED  BY  THE 
INSTITUTION. 

BRITISH. 

Cambridge  Philosophical  Society,  Proceedings. 

Chartered  Institute  of  Patent  Agents,  Transactions. 

Civil  and  Mechanical  Engineers*  Society,  Transactions. 

Faraday  Society,  Transactions. 

Greenwich  Magnetical  and  Meteorological  Observations. 

Institute  of  Chemistry,  Proceedings. 

Institution  of  Civil  Engineers,  Proceedings. 

Institution  of  Engineers  and  Shipbuilders  in  Scotland,  Transactions. 

Institution  of  Mechanical  Engineers,  Proceedings. 

Institution  of  Naval  Architects,  Transactions. 

Iron  and  Steel  Institute,  Journal. 

Liverpool  Corporation  Tramways,  Annual  Reports. 

Liverpool  Engineering  Society,  Proceedings. 

Manchester  Literary  and  Philosophical  Society,  Memoirs  and  Proceedings, 

Municipal  Electrical  Association,  Proceedings. 

National  Physical  Laboratory  Reports. 

North' East  Coast  Institution  of  Engineers  and  Shipbuilders,  Transactions. 

North  of    England  Institute  of    Mining   and    Mechanical    Engineers* 

Transactions. 
Physical  Society,  Proceedings 
Rontgen  Society,  Journal. 

Royal  Dublin  Society,  Transactions  and  Proceedings. 
Royal  Engineers'  Institute,  Proceedings. 
Roydl  Institution,  Proceedings. 
Royal  Meteorological  Society,  Quarterly  Journal. 
Royal  Scottish  Society  of  Arts,  Transactions  and  Journal. 
Rojral  Society,  Philosophical  Transactions  and  Proceedings. 
Royal  Society  of  Arts,  Journal. 

Royal  Society  of  Edinburgh,  Transactions  and  Proceedings. 
Royal  Society  of  Victoria,  Proceedings. 
Royal  United  Service  Institution,  Journal. 
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Society  of  Chemical  Industry,  Journal. 

Society  of  Engineers^  Proceedings. 

Surveyors*  Institution,  Transactions  and  Professional  Notes, 

Tramways  and  Light  Railways*  Asst)cialion,  Official  Circular. 

COLONIAL. 

Canadian  Society  of  Civil  Engineers,  Transactions. 

Engineering  Association  of  New  South  Wales,  PnKCcdings. 

Engineering  Society  of  Toronto,  Transactions. 

Indian  Telegraph  Department,  Administration  Reports. 

South  Australia,  Metcort)Iogical  Observation  Reports. 

Nova  Scotia  Institute  of  Science,  Transactions  and  Proceedings. 

AMERICAN. 

American  Academy  of  Arts  and  Sciences,  Proceedings. 

Amciiean  Institute  of  Electrical  Engineers,  Transactions  and  Proceedings. 

American  ln>titutc  of  Mining  Engineers.  Transactions  and  Bi-Monthly 
Bulletin. 

American  PhiK)t>ophical  Society,  Proceedings. 

American  S<Kiety  of  Civil  Engineers,  Proceedings. 

American  Society  of  Mechanical  Engineers,  Transactions  and  Pro- 
cccdings. 

Bureau  of  Standards,  Washington,  Bulletin. 

Engineers'  Club  of  Philadelphia,  Proceedings. 

Franklin  Institute,  Journal. 

Ordnance  Department  of  the  United  States,  Notes. 

Philadelphia  Electrical  Bureau,  Annual  Reports. 

Smithsonian  Institution,  Reports,  Miscellaneous  Collections  and  Contri- 
butions to  Knowledge. 

r.S.  Olfici.il  Patent  Gazette. 

Western  Society  of  Engineers,  Journal. 

AUSTRIAN. 

Kiiiserlichc  Akademie  der  Wisscnschaftcn,  Wien,  Sitzungsberichte. 

BELGIAN. 

AssfxHation  dcs   Ingcnicurs    Electriciens    sortis    de    Tlnstitut    Eleciro> 

technique  Montcfiore,  Bulletin. 
Socictc  Beige  d*Electridens,  Bulletin. 

DUTCH. 

Koninklijk  InsUtut  van  Ingcnieurs,  Tijdschnft. 

Koninklijke  Akademie  van  Wetenschappcn,  Amsterdam,  Proceedings. 
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FRENCH. 

Academic  des  Sciences,  Comptes  Rendus  Hebdomadaires  des  Seances. 

Bureau  des  Longitudes,  Annuaire. 

Societe  des  Anciens  Eleves  des  Ecoles  Nationales  d'Arts   et   Metiers, 

Bulletin  Technologique. 
Societe  Fran^aise  de  Physique,  Bulletin  des  Seances. 
Societe  des  Ingenieurs  Civils,  Memoires. 
Societe  Internationale  des  Electridens,  Bulletin. 
Societe  Sdentifique  Industrielle  de  Marseille,  Bulletin. 

GERMAN. 

Physikalische  Technische  Reichsanstalt,  Abhandlungen. 

Schiffbautechnische  Gesellschaft,  Jahrbuch. 

Verein  Deutscher  Ingenieure,  Zeitschrift. 

Verein  zur  Beforderung  des  Gewerbfleisses,  Verhandlungen. 

ITALIAN. 

Associazione  Elettrotecnica  Italiana,  Atti. 
Reale  Accademia  dei  Lincei,  Atti  e  Memorie. 

JAPANESE. 

College  of  Science  and  Engineering,  Kyoto  Imperial  University,  Memoir^. 

RUSSIAN. 

Section  Moscovite  de  la  Societe  Imperiale  Technique  Russe. 

SWEDISH. 

K.  Svenska  Vetenskaps-Akademien,  Arkiv  for  Matematik,  etc 

SWISS. 

Association  Suisse  des  6lectricien3,  Annuaire. 


LIST  OF  PERIODICALS  RECEIVED  BY  THE  INSTITUTION. 

BRITISH. 

Automobile  Owner. 

Ciissier's  Magazine. 

Central. 

Civil  Engineering. 

Electrical  Bulletin. 

Electiical  Engineer. 
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Electrical  EnRinccring. 

Electrical  Industrie*. 

Electrical  Maj«a/inc. 

Electrical  Review. 

Electrical  Times. 

Electrician. 

Electricity. 

Engineer.  % 

Enjjineering. 

Engineering  Maga/inc. 

Engineering  Review. 

Engineering  Times. 

English  Mechanic. 

Illuminating  Engineer. 

Illustrated  OtBcial  Journal,  Patents. 

Indian  and  Eastern  Engineer. 

International  Marine  Engineering. 

Iron  and  Ct)al  Trades  Review. 

Light  Railway  and  Tramway  Journal. 

Mechanical  Engineer. 

Mining  Journal. 

National  Telephone  Journal. 

Nature. 

Page's  Weekly. 

Philosophical  Magazine. 

Post  Office  Electrical  Engineers'  Journal. 

Railway  Times. 

Royal  Engineers'  Journal. 

Tramway  and  Railway  World. 

Vulcan. 

Worlds  Work. 

AMERICAN. 

American  Journal  of  Science. 

American  Telephone  fournal. 

Electric  Journal. 

Electrical  Review. 

Electrical  World. 

Electrochemical  and  Metallurgical  Industry 

Engineering  News. 

India  Rubber  World. 

Journal  o(  Electricity,  P«>wcr  and  Gas 

Journal  t>f  the  Telegraph. 

Physical  Review. 
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Scientific  American. 

Street  Railway  Journal. 

Technology  Quarterly. 

Terrestrial  Magnetism  and  Atmospherical  Electricity. 

Western  Electrician. 


AUSTRIAN. 

Elektrotechnik  und  Maschinenbau. 

DANISH. 

Teknisk  Tidsskrift. 

DUTCH. 

De  Ingenieur. 

FRENCH. 

Archives  des  Sciences  Physiques  et  Naturellcs. 

Electricien. 

Houille  Blanche. 

Industrie  Electrique. 

Journal  de  Physique. 

Journal  Telegraphique. 

Luiniere  Electrique. 

Mois  Scientifique  et  Industrie!. 

Portefeuille  Economique  des  Machines 

Revue  Electrique. 

GERMAN. 

Annalen  der  Elektrotechnik. 

Annalen  der  Physik  und  Chemie. 

Annalen  der  Physik  und  Chemie,  BeiblStter. 

Centralblatt  fiir  Accumulatoren  und  Elementenkuade. 

Elektrische  Kiaftbetriebe  und  Bahnen. 

Elektro-Ingenicur  Kalender  (Hirsch  und  Wilking). 

Elektrotcchnische  und  Polytechnische  Rundschau. 

Elektrotechnische  Zeitschrift. 

Elektrotechnischer  Anzeiger. 

Fortschritte  der  Elektrotechnik. 

Gliickauf. 

Jahrbuch  der  Elektrochemie. 

Physikalische  Zeitschrift. 

Sammlung  Elektrotechnischer  Vortrage. 
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TcchniMThc  Literatur. 
ZciUchrUt  f&r  Elcktruchcmic. 
ZciUchriftfQr  Instnimcntenkunde. 

ITALIAN. 

L'Elcttrici>ta 

LEIettriciU. 

Giornalc  del  Gcniu  Civile. 

II  Nuovo  CimcnU). 

SIAMESE. 

Siain  Engincciiii^. 

SPANISH. 

La  Ingcnicria. 

SWISS. 

Schwcuciischc  Elcktrotcchni>chc  Zcitschrift. 
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STATEMENT    OF    INCOME    AND 

ENDED   3lSt 

,«lt. 

EXPENDITURE. 


£ 

s. 

d. 

£     s. 

d. 

To  Management  :— 

Salaries 

...    1,797 

10 

0 

Retiring  Allowance       

...      300 

0 

0 

Accountants'  Fees         

21 

0 

0 

Printing,  Stationery,  and  Addressing 

...      495 

19 

10 

Postage 

...      839 

2 

10 

Telephone           

26 

10 

0 

Travelling          

...       153 

19 

4 

3,634   2 

^"^ 

0 

„  Rent,  Insurance,  Lighting,  and  Firing 

...         ■•• 

••. 

670   3 

II 

„  Publications:— 

Journal     

...    1,628 

17 

2 

"Science  Abstracts" — 

Disbursements       £h73^  lo 

I 

L^ss  Receipts          1,360  11 

7 

—      377 

18 

6 

2.006  15 

« 

„  Meetings:— 

Advance  Proofs,  Refreshments,  &c. ... 

...       163 

8 

5 

Reporting           

...        65 

2 

0 

228  10 

5 

„  Local  Sections     

... 

... 

5^2  15 

6 

„  Premiums     

... 

... 

146    2 

5 

„  International  Electrotechnical  Commission    ... 

... 

169  19 

6 

„  Conversazione      

... 

... 

298  18 

6 

„  Depreciation:— 

Library  (10%) 

...       l66 

II 

10 

Furniture  (5%) 

22 

18 

0 

189    9 

"""~ 

10 

„  Miscellaneous  Expenses         



... 

105    0 

4 

Balance  carried  to  General  Fund,  being  excess  of  Income 

over  Expenditure      3,678     9    2 


£iir7io    7    3 


(Elerfrtral  Cnatnecra- 

EXPENDITURE    FOR    THK    YEAR 
DECEMBER,  1907. 

INCOME. 


ix. 


By  Sriisc'RiPTioNs       

„  Dividends  ON  Invf.stmknts  .— 

Life  Compositions  Fund  

General  and  Entrance  Kcc^  Funds   ... 

„  Interest  ON  Cash  on  Deposit 

„    JOLRNAL:— 

Sales         

Advertisements 

„  Wiring  Rules       

„   MoDRi.  Genkrai.  C4)Nditions  FOR  Contracts       560 


^  5.  d.  i;  s. 

10,441  «7 

£173  II  5 
490  15  2 

0(4    b 

30  2 



201  17  7 

357  0  0 

558  «7 
9  17 

...    ••• 

jti  1.710    7    3 
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BALANCE    SHEET, 

JBt. 

LIABILITIES. 


To  Salomons  Scholarship  Trust  Fund  (Income) 
„  David  Hughes  Scholarship  Trust  Fund  : — 

Capital  uninvested 

Income  

„  Wilde  Benevolent  Trust  Fund  (Income)... 

„  Life  Compositions  Fund         

„  Entrance  Fees  Fund 

„  Building  Fund     

„  Sundry  Creditors         

„  Local  Sections  : — 

Due  to  Hon.  Sec.  Newcastle  Section 
„  Subscriptions  received  in  advance 

„   Foreign  Visit  Fund       

„  General  Fund     


£ 

s. 

d. 

... 

2S 

19 

2 

I 

5 

0 

u 

13 

7 

18 

7 

—    '4 

... 

...    87 

m 

6 

... 

...  5,5«i 

13 

0 

-..  4r455 

-» 

0 

... 

.21,375 

12 

5 

... 

...  7^2 

18 

t 

... 

2 

14 

a 

... 

...    89 

3 

0 

39 

10 

0 

... 

...  13.900 

6 

4 

ROBERT   HAMMOND, 

Honorary  Treasurer. 

G.  C.  LLOYD. 

Sccrctaty, 


A"4^35«   16     8 


We  beg  to  report  that  we  have  examined  the  above  Balance  Sheet  and 
have  inspected  the  Bankers'  Certificates  of  Investments  and  the  Title  Deeds 
and  the  Balance  Sheet  is  properly  drawn  up  so  as  to  exhibit  a  true 
its  books.      We  hereby  certify  that  all  our  requirements  as  Auditors  havt; 

ALLEN,   BIGGS   &   CO., 

Chartered  Accountants. 

147,  Leadenhall  Street,  E.C, 
May  I,  1908. 


3l8t    DECEMBER,    1907. 

ASSETS. 


887 


Cr. 


By  Life  Compositions  Investmbkts  (at  cost) 
„  Entrancb  Fees  Investments 
H  Buildings  and  Building  Site 
„  Building  Fund  Inx'bstmbnts  „ 

,»  General  Fund  Invi^stmbnts  „ 

„  SrsDRY  Debtors 

„  Ixh:al  Sections  : — 

Cash  in  hands  erf  Hon.  Sec.  Birmingham  Section 

do.  do.         do.       Dublin  do. 

do.  do.         do        Glasgow  do. 

do.  do.         do.       Leeds  do. 

do.  do.         do.       Manchester      do. 


£  s.  d. 

.   5.555  "  o 

.   3.719  12  " 

.  19,260  17  I 

.    1,940  15  3 

.  12,042  7  9 

.    1,025  7  II 


Furniture  

Library      

Vellum  Diploma  Forms 
Cash  :— At  Bankers' 

Petty  Cash 

P.  O.  Savings  Bank 


643  12 

105  17 

86    6 


40 

435 

M99 

3 


«35  15    8 


;C4^358  16    8 


Statements  <»(  Account  with  the  Books  and  Vouchers  of  the  Institution.  We 
iA  the  Tolhill  Street  Property.  In  our  opinion  the  Statements  are  correct, 
and  correct  view  of  (he  state  of  the  affairs  of  the  Institution  as  shown  by 
been  complied  with. 


H.  ALABASTER, 
SIDNEY   SHARP 


» 


Honorary  Auditors, 


Vol.  41. 


64 
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SALOMONS   SCHOLARSHIP 


To  Amount  (as  per  last  Account)       

^  s.  d. 
2,126  19    3 

^2,126  19    3 

SALOMONS 

SCHOLARSHIP 

To  Amount  paid  to  Scholar  in  1907 

„  Balance  carried  to  Balance  Sheet          

£    s.  d. 

50    0   0 

28  19   3 

£7^  19   2 

DAVID   HUGHES 
I'- 

SCHOLARSHIP 

To  Amount  (as  per  last  Account)       

£    s,  iL 
2,000    0    0 

;f2,000      0     0 

DAVID  HUGHES 

SCHOLARSHIP 

To  Amount  paid  to  Scholars  in  1907 

Balance  carried  to  Balance  Sheet          

£   s.   d. 

75     0    0 

13  13     7 

^8  13     7 

WILDE 
flr. 

BENEVOLENT 

To  Amount  (as  per  last  Account)       

1,744  i<^     0 

jti,744  16     0 

WILDE 
flr. 

BENEVOLENT 

To  Grant  made  in  1907 

„   Balance  carried  to  Balance  Sheel            

£     5.    d. 

25    0    0 

87  18     (• 

jflI2    I8     0 

TRUST   FUND. 

Cr. 


£    »•  d- 


By  Investments  (at  cost)  : — 

jf  1,500  New  South  Wales  3j  %  Stock         1.55^    5  Q 

500  Cape  of  Gt>;xi  Hope  3J  %  Stock      57©  13  6 

f2.I26   iQ  3 


TRUST   FUND   (Income). 


fr. 


By  B.il.ince  (as  per  last  Account)       <)  17     8 

„    Dividends  received  in  1907  fx)     I     6 

~^78  U)~~2 


TRUST   FUND. 


Cr. 

'i    '•  d. 


Bv    Investment    (at   cost)  : — £2,045    Staines    Rcseooirs    3   % 

GiLiiantccd  Debenture  St<Kk  ..    i,»;t)^  15  o 

„    Balance  uninvested  carried  to  Balance  Sheet i     5  o 

j^l.ooo    o  o 


TRUST   FUND   (Income). 


Cr. 


£     ».    d. 

By  Balance  (as  per  last  Account)       ^*<    3    7 

„   Dividends  received  in  1907  fto  10    o 


TRUST   FUND. 


<r. 
£    s.  d. 


By  Investments  (at  aisti: — 

^875  Great   Eastern  Railway  Metropolitan  5%  Guaran- 
teed StcKk        i,V)3  i^>    3 

£21$  North  Ea^ern  Railway  4%  Guaranteed  SttK'k       ...       250  ig    g 


TRUST   FUND  (Income). 


Hy  Amount  (as  pcT  last  Account) 
„  Dividends  received  in  IQ07 
„    lnterc>t  do.  du. 


iIJ44   10 

0 

€x. 

£   *• 

5*)  M 

5«     t> 

1  14 

d. 
6 

3 
Q 

l\\2  l^ 

6 

840 

LIKE 

»t. 

£     s.  a. 

To  Amount  (as  per  last  AccounI)       5,581  13    0 


^£5.581  13    o 


ENTRANCE 

»r. 

£    ^  d. 

To  Amount  (as  rer  last  Account)      3,867  11     6 

„        „        received  in  1907 587  11     o 


£4-455    3    <> 


COMPOSITIONS. 


841 

Cr. 


£  t.  d. 

By  Investments  (at  cost)  :— 

£^i^    o    o  Cape  oi  Good  Hope  4  %  Consolidated  Stock  506    o  o 

5  India  3j  %  Stock 1,776    5  o 

o  South-Eastem  Railway  5  %  Debenture  Stock  204  16  6 

10  Canada  3  %  Stock 352  13  6 

4  Midland  Railway  3^  %  Consolidated  Peipetual 

Preference  Stock          374  11  10 

o  East   Indian   Railway  Class  *'C'*  Annuity  ...  185    I  9 
o  Great     Eastern     Railway    4  %    Consolidated 

Preference  Stock          130  15  a 

o  Great   Eastern  Railway  4  %  Debenture  Stock  251    5  5 

4  Great  Indian  Peninsula  Railway  "  B "  Annuity  133  I7  6 

4  Metropolitan  Water  Board  "  A  "  Stock           ...  207  17  9 
o  Staines  Reservoirs  3  %  Guaranteed  Det>enturc 

Stock        539    2  3 

o  Glasgow  and  South-Westcm  Railway  4  %  Pre- 

ftTcncc  Stock  (1894)      276    5  o 

o  Madras  Railway  5%  Stock          44    9  4 

o  South  Indian  Railway  4I  %  Debenture  Stock  88    i  4 

o^  Burma  Railway  Co.'s  Stock        30  12  3 

o'  East  Indian  Railway  44  %  Debenture  Stock    ...  57    3  7 

o  Natal  Zululand  Railways  3  %  Debentures        ...  351     >  o 

o  New  Zealand  3J  %  luscTibcd  Stock       345  '2  10 

£%SSS  "  u 

Balance         26    i  o 


1,679 

19 

120 

0 

355 

5 

289  17 

6 

0 

«7 

0 

«75 

0 

5 

6 

ic;o 

>3 

520 

0 

200 

0 

29 

0 

60 

0 

30 

0 

40 

0 

400 

0 

350 

0 

jf5.58i  "3    o 


FEES. 


;C     s,  d. 
By  INVESTMKNTS  (at  cost)  :— 

j(Mi8    8    o  Midland  Railway  2^%  Consolidated   Perpetual 

Preference  Stock          1,200    o  o 

918    3    2  India  3i  %  Stock      973  17  lo 

410    o    o  East  Indian  Railway  44%  Debenture  Stock      ...      586    i  7 

800    o    o  North  Eastern  Railway  4%  Preference  Stock  ..       959  13  6 

;C3,7I9  "2  II 

„    Balance         735    9  7 

iAASS    2  6 


842 


BUILDING 


»r 


£    s.  d. 


To  Amount  (as  per  last  Account) 
„  Revenue  from  Property 

„  Subscriptions  

„  Dividends     

„  Surplus  from  Vellum  Diplomas 


20,732 

3 

4 

549 

I 

5 

64 

11 

4 

23 

15 

0 

6 

I 

4 

;S2I,375   12     5 
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FUND. 

Cr. 


By  Buildings  and  Building  Site,  15  to  18,  Tothill  Street  (as  per 

last  Account) 19,260  17    i 

„    Investments  (at  cost) : — 

£\Iqoo  South-Eastern  Railway  5  %  Debenture 

Stock 1,447    I    9 

550  Manchester  Corporation  3  %  Stock  ...      493  13    6 

1.940  15    3 

.,   Balance        174    o    1 


pU75  12    5 


844 

GENERAL 


£    s.  d. 

To  Amount  (as  per  last  Balance  Sheet)       ..  '       10,221  17    2 

Add  Excess  of  Income  over  Expenditure  for  1907     Zfij^    9    ^ 


jgi3,90o    6    4 


FUND. 


By  INVRSTMBNTS  (at  cost) :~ 

£$2  13    8  Great    Indian  Peninsula    Railway 

"B"  Annuity      I>339  17    9 

731    o    o  Madras  Railway  5%  Stodc           ...    1,11414    o 
623    o    o  Great  Western  Railway  5  %  Pre- 
ference Stock     999  18    I 

2,200    o    o  Natal  Zululand  Railways  3  %  De- 
bentures   1,919  II    o 

650    o    o  New  Zealand  3|  %  Inscribed  Stock      641  18    2 
1,100    o    o  Great  Eastern  Railway  4%  Con- 
solidated Preference  Stock     ...    1,266  18    9 
1,050    o    o  London  and  North  Western  Rail- 
way 4  %  Preference  Stock      ...    1,225    4    9 
700    o    o  Great  Eastern  Railway  Metropoli- 
tan 5  %  Guaranteed  Stock       ...    1,03015    6 

„  Investments  during  1907  :— 
^'1,500    o    o  Great  Central  and   Midland  Rail- 
way 3|  %  Guaranteed  Stock  ...    1,568    8    9 
1,200    o    o  Consols  2|% 1,035    1    o 


846 

Cr. 

£     s.  d. 


9,43^  18    o 


2,603    9    9 


12,042    7    9 
„   Balance         1,857  18    7 

The  above  t>alance  is  made  up  as  follows  : — 
Assets. 

Sundry  Debtors     1,025    711 

Cash  in  Hand        875  16  7 

Furniture 435    >  'O 

Library       1499    6  7 

Vellum  Diploma  Forms  ...  3  i^  9 


3.»39  "    « 


Liabilities. 
Uninvested  Balances  of  Special 

Funds 1,106  16  II 

Sundry  Creditors 7^5  13    2 

Subscriptions  in  Advance  89    3    o 


-    i.«>8i  13     I 
;fl.«57  l»    7 


jfi3.90O    6    4 


LIBRARY. 
jgr. 

i    s.  d. 
To  Amount  (as  per  Balance  Sheet) 1499    6    7 


/M99    6     7 


LIBRARY. 

«r. 

£     8.  d. 

Outlays  on  Books,  Pictures  up  to  December  31,  1906      1,763    9    8 

L^55  Provision  for  Depreciation  (190 1 -6) 479  13  10 

As  per  last  Balance  Sheet       1,283  '5  >o 

Grant  in  1906  (Balance  expended  in  1907) ;^25  19    o 

„      in  1907  (current) 150    o    o 

„      in  1907  (special) 350    o    o 


525  19    o 


Liss  Expenditure  on  Furniture,  &c. ...      ^17  10    7 
Unexpended  portions  of  1907  Grants...       126    5  10 

143  16    5 


Net  Expenditure  on  Books  and  Binding  in  1907 382    2    7 

1.665  18    5 
L«$s  10%  Depreciation  for  1907         16611  10 


jfUW    6     7 
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The  President,  having  read  the  Report  of  the  Council  in  brief 
abstract,  begged  leave  to  move  :  "  That  the  Annual  Report  of  the 
Council  as  presented  be  received  and  adopted,  and  that  it  be  printed 
in  the  Journal  of  the  Proceedings." 

Mr.  T.  CusHiNG  seconded  the  motion,  which  was  then  put  to  the 
meeting  and  carried  unanimously. 

The  President  :  I  will  now  read  the  Auditor's  Certificate  as  to  the 
correctness  of  the  accounts :  "  We  beg  to  report  that  we  have  examined 
the  above  Balance  Sheet  and  Statements  of  Account  with  the  books  and 
vouchers  of  the  Institution.  We  have  inspected  the  Bankers'  Certifi- 
cates of  Investments  and  the  Title  Deeds  of  the  Tothill  Street  property. 
In  our  opinion  the  statements  arc  correct,  and  the  Balance  Sheet  is 
properly  drawn  up  so  as  to  exhibit  a  true  and  correct  view  of  the  state 
of  the  affairs  of  the  Institution  as  shown  by  its  books.  We  hereby 
certify  that  all  our  requirements  as  auditors  have  been  complied  with." 
I  now  move  :  "  That  the  Statement  of  Accounts  and  the  Balance  Sheet 
for  1907,  copies  of  which  have  been  sent  to  the  members  with  the 
Notice  convening  the  meeting,  be  taken  as  read,  and  that  they  be 
received  and  adopted." 

Mr.  F.  H.  Nalder  having  seconded  the  resolution,  it  was  then  put 
to  the  meeting  and  carrried  unanimously. 

Mr.  W.  H.  Patch  ell  :  Mr.  President  and  Gentlemen,  for  another 
year  we  have  led,  and  probably  for  a  few  years  still  we  shall  lead, 
a  nomadic  life.  The  Institution  of  Civil  Engineers  is  very  good  to  us 
during  the  winter ;  when  it  closes  its  doors  the  Society  of  Arts  takes 
pity  on  us.  But  how  long  is  this  sort  of  thing  to  go  on  ?  Is  it  not 
time  that  the  Institution  began  to  take  more  serious  steps  to  obtain 
a  home  of  its  own  ?  It  is  an  open  secret  that  the  site  of  the  Institution 
of  Civil  Engineers  will  soon  be  covered  by  new  Government  buildings, 
and  that  the  eviction  which  has  been  hanging  over  their  heads  for 
several  years  will  now  take  place.  I  have  no  doubt  that  they  will,  in 
their  new  home,  be  as  kind  to  us  as  they  have  been  in  their  present 
home  ;  but  as  we  get  larger  and  larger  it  does  seem  more  important 
that  we  should,  if  possible,  take  steps  to  have  a  permanent  home  of  our 
own.  If  the  question  was  warmly  taken  up  by  the  members  I  think 
that  might  be  a  realised  fact.  We  have  a  Building  Fund  which,  due 
to  the  flux  of  time,  is  getting  larger  and  larger.  Subscriptions  do  not 
come  in  as  fast  as  they  might,  in  exactly  the  same  way  as  the  President 
has  said  that  the  Benevolent  Fund  is  neglected.  But  no  fund  will  be 
subscribed  to  very  largely  if  it  is  not  taken  up  warmly.  But  this  doe^i 
not  at  all  detract  from  our  gratitude  to  those  who  up  to  the  present 
have  extended  their  hospitality  to  us,  and  I  therefore  move :  "  That 
the  best  thanks  of  the  Institution  be,  and  are  hereby  accorded  to  the 
Council  of  the  Institution  of  Civil  Engineers,  the  Council  of  the  Institu> 
tion  of  Mechanical  Engineers,  and  to  the  Council  of  the  Rojral  Society 
of  Arts  for  the  great  courtesy  extended  to  the  Institution  of  placing 
their  rooms  at  its  disposal  for  the  holding  of  its  General  Meetings." 
Mr.  F.  Gill  :  Mr.  President  and  Gentlemen,  I  have  much  pleasure 
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in  seconding  the  vote  of  thanks  that  Mr.  Patchell  has  proposed,  and 
I  desire  particularly  to  allude  to  the  services  rendered  to  us  by  the 
Institution  of  Civil  Engineers.  It  has  undoubtedly  been  a  tremendous 
advantage  to  us  to  be  associated  in  the  way  we  have  been  with  the 
premier  engineering  institution  of  the  world.  Nothing  could  have 
exceeded  their  generosity  in  the  way  they  have  met  us  and  offered 
us  accommodation.  As  the  time  approaches  when  we  are  getting 
nearer  and  nearer  to  having  a  building  of  our  own,  I  am  sure  we  shall 
look  back  on  the  conduct  of  the  Institution  of  Civil  Engineers  with 
greater  appreciation.  1  have  much  pleasure  in  seconding  the  vote  of 
thanks. 

The  resolution  was  put  and  carried  unanimously. 

Mr.  S.  Sharp  :  I  beg  to  move  :  "  That  the  best  thanks  of  the  Insti- 
tution are  given  to  the  Local  Honorar>'  Secretaries  and  Treasurers 
abroad  for  their  kind  services  during  the  past  year."  It  gives  me  great 
pleasure  to  propose  that  motion  because  the  Honorary  Secretaries  and 
Treasurers  abroad  greatly  help  the  Institution  by  bringing  in  additional 
members,  and  by  keeping  those  who  are  already  members  in  touch 
with  the  mother  country  and  the  Institution. 

Mr.  T.  Mather,  F.R.S.  :  I  have  much  pleasure  in  seconding  the 
motion. 

The  resolution  was  put  and  carried  unanimously. 

Mr.  A.  Campbell  Swinton  :  I  have  much  pleasure  in  moving  the 
next  resolution  :  "  That  the  best  thanks  of  the  Institution  be  tendered  to 
Messrs.  Bristows,  Cooke  and  Carpmael  for  their  kind  services  in  their 
capacity  of  Honorary  Solicitors  to  the  Institution  during  the  past  year." 
I  believe  as  a  matter  of  fact  in  the  past  year  we  have  not  required  to 
trouble  our  Honorary  Solicitors  very  much,  but  in  previous  years  they 
have  done  a  very  large  amount  of  work  for  us,  and  I  understand  that 
in  the  present  year  we  also  propose  to  give  them  a  considerable  amount 
of  work,  so  that  our  gratitude  on  this  occasion  may  be  a  foretaste  of 
favours  to  come. 

Mr.  T.  CrsHiXG  having  seconded  the  resolution,  it  was  put  and 
carried  unanimously. 

Mr.  J.  E.  Kingsbury:  I  have  pleasure  in  moving:  "That  the 
best  thanks  of  the  Institution  l>e  given  to  Mr.  Rol>ert  Hammond  in 
recognition  of  the  valuable  services  rendered  by  him  as  Honorary 
Treasurer  of  the  Institution  during  the  past  session."  The  services  of 
Mr.  Hammond  are  fairly  obvious  to  all  the  members,  but  I  doubt 
whether  any  members  oM>cr  than  those  who  serve  on  the  Finance 
Committee  are  able  to  estimate  the  ability  which  he  brings  to  bear  in 
the  service  of  the  Institution,  and  the  industry  and  acumen  which  he 
dispbys  in  his  office  as  Honorary  Treasurer.  Our  warm  thanks  are 
undoubtedly  due  to  him,  and  I  have  much  pleasure  in  moving  the 
resolution. 

Mr.  H.  Human:  I  have  much  pleasure  in  seconding  the  motion. 
As  one  of  the  junior  members  of  the  Council,  and  having  been  behind 
the  scenes,  I  am  in  a  position  to  testify  to  the  splendid  services  that 
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Mr.  Hammond  has  rendered  to  the  Institution,  not  only  as  Treasurer, 
but  also  on  the  Council  and  various  Committees.  Mr.  Hammond's  long 
acquaintance  with  the  inner  working  of  the  Institution  has  made  him 
almost  indispensable  to  us,  and  I  feel  that  in  addition  to  the  services 
he  renders  us  as  our  Finance  Minister,  we  also  have  to  thank  him  for 
his  splendid  services  on  the  Council  and  the  various  Committees.  I 
have  much  pleasure  in  seconding  the  motion. 

The  resolution  was  put  and  carried  unanimously. 

Mr.  W.  B.  EssoN  :  I  have  much  pleasure  in  proposing :  **  That  the 
best  thanks  of  the  Institution  be  accorded  to  the  Honorary  Auditors, 
Mr.  H.  Alabaster  and  Mr.  Sidney  Sharp,  for  their  kind  services  during 
the  past  year."  That  we  appreciate  these  services  highly  is  shown  by 
the  fact  that  these  gentlemen  have  been  elected  to  perform  the  same 
services  next  year.     Hard  work  seems  to  agree  with  them. 

Mr.  C.  LeMaistre  having  seconded  the  resolution,  it  was  put  and 
carried  unanimously. 

The  President  :  I  have  now  to  announce  that  the  new  Council 
and  the  Honorary  Officers  for  the  year  1908-1909  are  duly  elected,  and 
to  state  that  as  no  candidates  other  than  those  nominated  by  the 
Council  have  been  put  forward,  the  new  nominees  of  the  Council  are 
now  duly  elected  in  accordance  with  the  Articles  of  Association.  The 
new  officers  are  : — 

President. 
W.   M.   MORDEY. 

Vice-Presidents. 


F.  Gill. 

Col.  H.  C.  L.  HOLDEN, 

R.A.,  F.R.S. 


Dr.  G.  Kapp. 
C.  P.  Sparks. 


Members  of  Council. 


S.    EVERSHED. 

H.  E.  Harrison,  B.Sc. 
Dr.  E.  HOPKINSON. 
J.  W.  Jacomb-Hood. 


Major  W.  A.  J.  O'Meara,  C.M.G. 
G.  W.  Partridge. 
W.  H.  Patchell. 
W.  Rutherford. 


J.  E.  Kingsbury.  Professor  A.  Schwartz. 

T.  Mather,  F.R.S.  I      J.  F.  C.  Snell. 

M.  O'Gorman.  I      G.  Stoney. 

A.   A.    C.    SWINTON. 

Associate  Members  of  C<Mincil. 
J.  Hunter  Gray.  (        H.  Human. 

J.  E.  Taylor. 

Honorary  Treasurer. 

Robert  Hammond. 

Honorary  Auditors. 
H.  Alabaster.  |       Sidney  Sharp. 

The  meeting  then  terminated. 
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A  Special  General  Meeting  of  Members,  Associate 
Members,  and  Associates,  duly  convened  and 
held  in  the  Lecture  Theatre  of  the  Medical 
Examination  Hall,  Victoria  Embankment,  Lon- 
don, W.C,  on  Tuesday,  June  30,  1908.  Colonel 
R.  E.  B.  Crompton,  C.B.,  President,  in  the 
chair. 

The  Secretary  read  the  notice  convening  the  meeting  as  follows : — 

^une  23,  1908. 
Notice  is  hereby  given  that  a  Special  General  Meeting  of 
Members,  Associate  Members,  and  Associates  of  the  Institution 
will  be  held  in  the  Lecture  Theatre  of  the  Medical  Examination 
Hall,  Victoria  Embankment,  W.C,  on  Tuesday,  the  ^oih  day  of 
June,  at  half -past  five  o'clock  in  the  afternoon,  for  the  purpose  of 
considering,  and,  if  approved,  of  passing  the  following  resolution, 
namely : — 

"  That  the  purchase  of  the  lease  of  the  site  and  building 
known  as  'The  Medical  Examination  Hall,'  situate  on  the 
Victoria  Embankment,  W.C,  now  the  property  of  the  Royal 
College  of  Physicians  of  London  and  the  Royal  College  of 
Surgeons  of  England,  for  the  sum  of  jfiso.ooo,  be  sanctioned 
and  approved,  and  that  the  Council  l>e  authorised  to  sell  such 
of  the  investments  of  the  Institution  and  to  make  such  other 
financial  arrangements  (including  the  disposal  of  the  site  in 
Tot  hill  Street  now  owned  by  the  Institution)  as  the  Council 
may  consider  necessary  for  the  above  purpose." 

The  President  :  Gentlemen,  we  are  met  here  to  consider  the  The 
momentous  question  of  providing  a  permanent  home  for  the  Institu-  P"*****""* 
tion.  After  years  of  saving  for  our  Building  Fund,  we  have  at  last  an 
opportunity  of  securing  for  ourselves  a  building  which  we  believe  is 
eminently  suited  for  the  purposes  of  the  Institution.  With  your  per- 
mission, 1  will  first  call  upon  your  Hon.  Treasurer,  Mr.  Hammond, 
who  will  give  you  the  figures  on  which  we  depend  to  enable  you  to 
form  your  decision  to-day  ;  and  afterwards  I  will  call  upon  Mr.  Mordey, 
who  has  devoted  much  time  and  attention  to  this  matter,  to  give  you 
the  history  of  the  affair. 
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Mr.  Mr.  Robert  Hammond  :  From  the  notice  which  has  been  circulated 

Hammond,  ^j^^  members  will  see  that  the  purchase  of  the  buildings  is  proposed  at 
a  sum  of  ;£50,ooo,  the  amount  being  payable  upon  possession  on  the 
ist  June  next.  I  may  say  that  that  date  has  been  fixed  upon  for  the 
purpose  of  giving  us  another  twelve  months'  funds  to  assist  us  in 
coping  with  the  financial  part  of  the  operation.  The  actual  payment 
for  the  buildings  will  be  ;£5o,ooo.  I  say  "  buildings,"  because  some 
members  may  like  to  know  that  we  are  really  dealing  with  two 
buildings.  The  first  building  that  was  put  up  was  a  building  in  the 
front  separated  from  this  back  building  by  the  corridor ;  and  then, 
some  two  years  later,  the  building  at  the  back,  including  the  theatre, 
was  added.  I  mention  that  because  some  have  thought  that  we  were 
only  going  to  buy  the  one  building  in  the  front 

Capital  Requirements, — The  question  of  what  is  to  be  done  with  the 
theatre  may  not  engage  our  attention  immediately,  but  in  order  that  we 
may  be  on  the  safe  side,  I  add  to  the  ;£so»ooo  actual  liability  a  con- 
current liability  of  ;£6,ooo.  The  ;£6,ooo  is  the  ''estimated  cost  of 
enlargement  of  theatre,  six  months'  rent  of  old  premises,  removal, 
painting,  new  furniture,  and  new  bookshelves,"  bringing  our  total 
responsibilities  to  a  sum  of  ;g56,ooo. 

Capital  Resources, — Our  trustee  investments  are  :  Life  Compositions 
Fund,  £5,555  ;  Entrance  Fees  Fund,  ;£3,7i9  ;  Building  Fund  (exclud- 
ing the  value  of  the  site  in  Tot  hill  Street),  ;£  1,940  ;  and  General  Fund, 
j£i 2,042,  giving  a  grand  total  of  Trustee  Investments  of  ;£23,256.  It 
will  be  noticed  that,  included  in  that  sum,. there  is  j£5,555,  being  the 
first  item  under  the  head  of  "  Life  Ck>mpositions  Fund."  By  the  Articles 
of  Association  the  Institution  is  compelled  to  keep  intact  monies  paid 
by  members  in  respect  of  life  compositions,  and  those  sums  must  be 
invested.  Dealing  with  it  on  that  basis,  there  is  left  a  sum  of  ;£  17,701 
actually  invested  in  Trustee  Securities,  as  shown  by  our  last  accounts. 
Since  those  accounts  were  published  the  Council  have  transferred  to 
the  Kelvin  Lecture  Fund,  which  they  thought  it  proper  to  form  on  the 
death  of  our  late  President,  £1,000  in  Consols,  which  cost  £862,  leaving 
a  total  of  £16,839,  which  we  can  convert  into  cash  at  any  moment 
This  £16,839  ^^  taken  some  years  to  accumulate,  and  since  its  invest- 
ment it  has  su£Fered  a  depreciation,  which  is  apparently  common  in 
most  securities  in  the  financial  world.  Therefore  we  include  the  value 
in  this  statement,  not  at  £16,839,  ^"t  at  their  estimated  realisable  value 
of  £15,000.  Since  accounts  for  1907  were  published,  investments  to 
the  amount  of  £4,000  have  been  made,  which  can  be  realised  at  that 
sum,  and  by  this  time  next  year,  when  we  would  have  to  pay  for  the 
building,  we  should  have  a  further  increment  from  the  natural  growth 
of  the  Institution  funds,  without  counting  anything  for  an  increase  in 
the  number  of  members,  of  £4,000  ;  so  that  this  day  twelve  months  we 
ought  to  have  available  £23,000.  Our  Tothill  Street  site  stands  in  our 
books  at  £19,260.  We  are  advised  that  it  has  appreciated  in  value,  but 
for  the  purpose  of  this  statement  we  deal  with  it  as  a  book  value  of 
£19,260,  which  gives  us  a  total  of  £42,260,  and  a  liability  of  £56,ooa 
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I  therefore  add  to  the  j£42,26o  an  amount  to  be  rabed  on  loan  of  Mr. 
;gi6,ooo,  making  a  total  of  j£58,26a  Following  the  custom  of  various  "■""•*'°**- 
Chancellors  of  the  Exchequer,  as  I  hold  an  analogous  position  at  this 
Institution,  I  have  ventured  to  add  up  the  resources  at  ;£2,300  more 
than  the  requirements,  for  the  purpose  of  having  that  amount  to  hand 
from  the  start.  In  dealing  with  the  liability  before  us,  it  is  wise  not  to 
cut  matters  too  6ne,  but  to  have  a  couple  of  thousand  pounds  in  hand. 
Having,  then,  dealt  with  the  question  from  the  capital  point  of  view, 
I  now  deal  with  it  from  that  of  income  and  expenditure. 

Income, — The  subscriptions,  as  set  forth  in  the  1907  accounts, 
amounted  to  £\o^\.  The  ;£i044i  which  appears  in  the  statement 
was,  of  course,  that  for  last  year,  and  this  should  be  enhanced  by  this 
year's  increment  and  by  the  increment  up  to  June  next  year.  I  there- 
fore take  this  item  into  the  account  as  j£i  1,041.  Then,  if  we  preserve 
our  Life  Compositions  investment  of  ;£5,500,  we  should  have  to  the  credit 
the  ;£i73,  which  is  the  amount  of  interest  that  comes  to  us  thereon  in 
the  shape  of  dividends.  Then  the  sales  and  advertisements  from  the 
Jourtial  I  take  at  the  same  figure  as  they  appeared  in  1907,  £sS^  '»  ^^^ 
Entrance  Fees  I  have  ventured  to  increase  by  £100 ;  and  then  there  is 
the  rental  of  £6$o  which  would  accrue  to  us  from  a  portion  of  this 
building  which  is  already  let.  So  that  the  total  of  our  income  for 
1909  would  be  ;£i3,i09. 

Liabilities, — That,  I  must  say,  forms  the  serious  part  of  this  pro- 
position, because  our  expenditure,  which  last  year  stood  at  ;£8,i82, 
including  £1$^  which  we  voted  to  the  Library,  will  be  increased  in 
this  building  to  ;£  12,953,  the  increase  being  first  an  increased  ex- 
penditure in  the  new  building.  There  are  also  the  rates  and  taxes, 
which  come  to  £ifirjo ;  the  ground  rent  is  j£2,2oi,  and  there  is  a  very 
proper  provision  for  an  Amortisation  Fund,  the  effect  of  which  would 
t>e  to  wipe  off  the  £$0,000  during  the  period  of  the  lease,  which  is 
brought  in  at  £200^  giving  a  total  of  i)' 12,953.  Then,  if  we  are  going  to 
t>orrow  ;£  16,000,  we  shall  have  to  pay  interest  upon  it,  and  in  order  not  to 
disappoint  anybody,  1  have  put  the  interest  down  at  4  per  cent.,  though 
it  would  be  our  endeavour  to  borrow  it  on  better  terms  than  that  As  a 
matter  of  fact,  I  have  put  it  down  at  a  sum  at  which  the  money  could 
he  borrowed  at  any  moment.  And,  until  the  Tothill  Street  site  is 
sold,  there  would  be  an  extra  sum,  t>ecause  we  should  have  to  borrow  a 
sum  which  would  be  increased  to  the  extent  of  the  value  of  the  Tothill 
Street  site,  say  at  3}  or  4  per  cent,  whereas  the  Tothill  Street  site  does 
not  bring  us  in  quite  as  much  as  that.  In  order,  therefore,  to  make 
assurance  doubly  sure,  I  put  in  £iSo  in  respect  of  the  extra  interest 
we  might  have  to  pay  until  the  Tothill  Street  site  is  disposed  of. 

I  need  hardly  say  that  I  could  not  bring  this  statement  before  you 
with  any  assurance  or  with  any  feeling  that  I  was  doing  my  duty  to  the 
Institution  if  it  were  simply  a  question  of  embarking  upon  a  business 
which  wiped  off  our  ;^Soo  annual  increment  But  we  embark  upon 
this  undertaking  with  the  idea,  that  some  one  has  to  step  forward  and 
take  the  risk  in  order  to  make  a  great  gain  to  the  Institution,  because  it 

Vou  41.  66 


a54 


REPORT  OF  PROCEEDINGS 


[June  80th. 


Mr. 
Hammond. 


The 
President. 


Mr.  Mordey. 


is  felt  that  it  is  impossible,  looking  at  it  purely  from  the  financial  |>oint 
of  view,  that  such  a  building  would  not  bring  in  a  revenue. 
The  President  :  I  will  now  move  :— 

"That  the  purchase  of  the  lease  of  the  site  and  building 
known  as  'The  Medical  Examination  Hall/  situate  on  the 
Victoria  Embankment,  London,  W.C.,  now  the  property  of 
the  Royal  College  of  Physicians  of  London  and  the  Royal 
College  of  Surgeons  of  England,  for  the  sum  of  £50,000,  be 
sanctioned  and  approved,  and  that  the  Council  be  authorise 
to  sell  such  of  the  investments  of  the  Institution  and  to  make 
such  other  financial  arrangements  (including  the  disposal  of 
the  site  in  Tothill  Street,  now  owned  by  the  Institution)  as 
the  Council  may  consider  necessary  for  the  above  purpose." 

I  call  on  Mr.  Mordey,  the  President-Elect,  to  second  the  resolution, 
and  in  doing  so  to  give  a  further  explanation  of  the  history  of  the  affair. 

Mr.  W.  M.  Mordey  :  Mr.  President  and  Gentlemen,  I  am  very 
happy  that  my  first  public  duty  as  the  President- Elect  is  to  support 
a  proposal,  which,  if  carried,  will,  I  feel  sure,  t>e  for  the  lasting  good  of 
the  Institution  of  Electrical  Engineers  and  of  electrical  engineering 
generally.  In  the  first  place,  I  would  like  to  read  a  letter  from  one  of 
our  original  members.  You  all  know  what  an  interest  Lord  Crawford 
and  BaJcarres  took  in  the  early  days  of  electrical  engineering  ;  he 
has  written  this  letter  : — 


"  I  regret  that  I  shall  not  be  able  to  attend  the  meeting  called 
•*  for  the  30th.  I  must,  however,  write  a  line  of  congratulation  to 
**  the  Institution  on  their  acquisition  of  so  fine  a  home,  especially 
**when  I  think  of  the  first  thoughts  of  its  formation  in  my  old 
**  laboratory  in  a  mews  behind  Green  Street,  Park  Lane,  all  now 
"  swept  away,  and  of  the  first  soirie  which  was  held  in  my  labora- 
"  tory  in  Greek  Street,  Soho.  I  believe  that  now  I  am  the  senior 
"surviving  officer  of  the  Society,  as  I  was  Vice-President  to  Sir 
*'  William  Thomson  (one  of  our  first  Presidents),  and  as  such  I 
"  offer  my  congratulations. — Very  faithfully  yours,  Crawford."  * 

We  may  pass  from  that  very  early  period  of  our  formation  in  1871, 
and  of  Lord  Kelvin's  first  presidency  of  1874  to  1893,  when  the  Institu- 
tion had  arrived  at  years  of  discretion.  In  the  Annual  Report  for  1893  f 
there  is  a  passage  which,  with  your  permission,  I  will  now  read  : 
''Although  the  Council  hope  that  the  Institution,  by  the  continued 
*'  liberality  of  the  Institution  of  Civil  Engineers,  may  enjoy  for  many 
''years  to  come  the  privilege  of  meeting  in  this  hall,  they  feel  it  prudent 
"to  provide  for  the  time  when  it  may  become  necessary  that  we  should 

*  Lord  Lindsay,  now  Lord  Crawford  and  Balcarres,  was  actually  the  first  Vice- 
President  of  the  Institution,  holding  that  office  for  three  years,  1872-3--4,  during  the 
presidencies  of  Sir  William  Siemens,  Frank  Ives  Scudamore,  and  Sir  William  Thomsua. 

t  *•  Report  of  the  Council,"  vol.  22,  p.  570,  1893. 
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"  possess  premises,  with  a  lecture  hall,  of  our  own  ;  and  Ihey  propose  **'•  Mocdey. 
**  therefore  to  transfer  a  portion  of  the  invested  funds  of  the  Institution 
**  to  a  Building  Fund,  and  to  add  thereto  each  year  a  certain  amount 
"  out  of  that  year's  surplus  revenue.'*  * 

That  was  the  beginning  of  the  Building  Fund.  It  began  with 
a  contribution  of  ;£3,ooo.  I  am  glad  to  read  that  passage,  because  it 
gives  me  an  opportunity  of  referring  to  the  great  debt  of  gratitude  that 
we  as  an  Institution  owe  to  the  Institution  of  Civil  Engineers.  When 
we  have,  as  I  hope  we  very  soon  shall  have,  a  home  of  our  own,  I  am 
sure  our  sense  of  gratitudb  to  the  Institution  of  Civil  Engineers  will  be 
just  as  keen  as  it  has  been  during  these  last  thirty-seven  years,  during 
the  whole  of  which  tinrc  they  have,  with  great  liberality  and  public 
spirit,  allowed  us  the  use  of  their  meeting-hall.  The  extract  I  have 
read  clearly  shows  what  the  Council  then  thought  was  its  first  duty — 
to  put  aside  its  surplus  funds  to  provide  as  soon  as  possible  a  home  for 
the  Institution.  The  need  for  that  home  has  grown  with  our  growth, 
and  our  growth  has  been  very  great,  as  you  will  realise  when  I  remind 
you  that  we  now  have  6,048  members.  It  is  interesting  to  note  that  no 
less  than  1,230  of  our  Members,  Associate  Members,  and  Associates  are 
affiliated  to  one  or  other  of  the  Local  Sections  which  have  been  estalv 
lished  in  the  provinces,  having  Birmingham,  Dublin,  Glasgow,  Leeds, 
Manchester,  and  Newcastle  as  their  centres.  Our  membership  is 
not  very  far  behind  the  Institution  of  Civil  Engineers,  the  great 
parent  Institution,  which  has  about  8,500.  Ours  is,  I  believe,  the 
second  engineering  institution  in  this  country  in  numbers,  and,  as 
electrical  engineers,  we  also  think  we  are  not  behind  that  position  in 
usefulness  and  in  importance.  I  think  it  is  not  a  right  or  seemly  thing 
that  an  Institution  of  this  character,  dealing  as  it  does  with  a  branch  of 
engineering  that  is  already  very  important  and  is  getting  to  be  more 
and  more  so,  should  be  the  recipients  of  the  hospitahty  of  other  societies. 
We  want  a  home  of  our  own  for  many  purposes.  We  want  a  theatre 
for  our  general  meetings,  rooms  for  our  Council  meetings  and  students' 
meetings,  and  we  want  accommodation  for  conferences,  for  committee 
meetings,  for  our  large  and  valuable  library,  possibly  for  our  museum, 
and  of  course  for  our  ofl&ce  and  editorial  work,  including  the  journal 
and  Science  Abstracts  :  and  perhaps  I  may  go  further  and  say  that 
for  certain  social  purposes  we  should  like  to  have  room  and  accom* 
modation.  We  want  a  place  where  our  members  from  country  or 
town  can  meet  before  and  after  the  general  meetings,  or  whenever 
they  wish,  for  the  purpose  of  social  intercourse.  The  Building 
Fund,  as  I  have  said,  was  started  in  1893  with  £$Sko,  During 
the  next  eleven  years  money  u'as  put  to  it  as  it  could  be  spared, 
the  average  for  those  eleven  years  being  nearly  ;£  1,500  a  year. 
Then  we  come  to  1904,  when  we  bought  the  Tothill  Street  site. 
It  may  be  said  that  it  was  unwise  to  buy  the  Tothill  Street  site 
only  four  years  ago  and  not  to  use  it.  I  do  not  think  it  was  unwise. 
Sites  in  Westminster  were  getting  very  scarce  and  very  dear,  and 
•  Juunul,  vol.  J3,  p.  575,  1893. 
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Mr.Mordey.  we  took  the  best  site  that  could  be  got  in  Westminster  within  our 
means  at  the  time.  We  now  realise  that  we  can  do  better.  You 
will  realise  the  difference  between  that  site  and  this  when  I  remind 
you  that  the  area  of  the  Tothill  Street  site  is  5,200  ft.  and  that  this  site 
is  over  20,000  ft. ;  and  when  I  tell  you  further  that  in  the  preliminary 
design  that  was  got  out  for  a  building  there  a  floor  space  of  10,000  ft. 
was  all  that  could  be  obtained,  including  corridors  and  the  theatre,  and 
that  here,  without  reckoning  the  theatre  and  the  very  ample  corridors 
and  halls,  we  have  about  40,000  sq.  ft.  of  space.  So  that  I  think  you  will 
agree  with  me  that,  as  we  believe  the  Tothill  Street  site  will  not  long 
be  a  burden  on  the  Institution,  we  shall  be  very  wise  if  we  desert  it 
for  this  very  much  better  one,  especially  as  it  gives  us  what  we  want — 
a  building  now,  without  the  delays  and  the  anxieties  of  having  to  build. 
It  has  been  said  that  "  who  goes  a-borrowing  goes  a-sorrowing."  I 
think  it  more  true — although  jt  does  not  rhyme — to  say,  '*  who  goes 
a-building  goes  a-sorrowing."  Every  one  who  has  had  experience  of 
putting  up  public  institutions  will  agree  that  it  is  a  distinct  advantage 
that  we  shall  not  have  to  go  a-building.  You  have  heard  from  the  able 
and  clear  statement  of  the  Treasurer  how  we  stand  as  to  the  Tothill 
Street  site.  That  site  has  paid  a  fair  interest  as  an  investment.  Further 
than  that,  we  are  assured  by  competent  authorities  who  know  the  value 
of  land  and  property  in  Westminster,  that  the  Tothill  Street  site  has 
increased  in  value ;  so  that  we  believe  that  when  the  time  comes  to  sell 
tlie  Tothill  Street  site — and  we  need  not  hurry  about  it — the  members 
will  find  that  the  Institution  was  not  unwise  in  buying  it  We  now  come 
to  the  question  of  the  obtaining  of  this  building.  There  is,  I  believe,  an 
idea  present  in  the  minds  of  a  good  many  members  that  this  transac- 
tion has  been  forced  forward  too  quickly.  We  have  acted  quickly,  but 
we  beUeve  we  have  acted  wisely.  I  should  point  out  that  the  rapid 
action  has  in  reality  only  been  the  culmination  of  fifteen  years  of 
careful  preparation.  It  was  necessary  to  act  quickly.  The  building 
was  in  the  market.  Five  weeks  ago  the  Council,  after  having  decided 
to  add  about  ;£  13,000  to  the  Building  Fund,  appointed  an  exploring 
party — a  small  committee — and  sent  it  out  with  instructions  to  act,  and 
to  act  quickly  if  possible.  This  meeting  to-day  is  the  result.  That 
exploring  party  found  this  building.  It  found  other  buildings,  and 
considered  many  sites  in  Westminster  and  in  other  parts  of  London. 

An  important  public  body  was  our  competitor  for  this  building ; 
but  we  obtained  from  the  Colleges  of  Physicians  and  of  Surgeons  a 
definite  option  for  three  weeks  at  a  definite  price.  We  felt  sure  that  if 
we  did  not  exercise  that  option  the  opportunity  would  be  gone.  We 
went  into  the  matter  very  carefully,  we  made  comparisons,  and  we  had 
all  necessary  professional  advice.  The  only  other  site  that  the  Council 
thought  suitable  was  the  Imperial  Theatre  site  in  Westminster.  It  is 
true  that  is  freehold,  whereas  this  only  has  a  lease  of  seventy-six  years  ; 
but  that  site,  with  a  new  building  on  it — because  the  existing  building 
would  have  to  be  pulled  down — would,  after  making  proper  allowance 
as  capital  for  the  ground  rent  here,  cost  very  nearly  twice  as  much  per 
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square  foot  as  this  site  with  the  building  on  it — with  an  existing  building  Mr.  MorJey. 
practically  ready  for  use — which  we  think  is  admirably  suited  to  the 
purposes  of  this  Institution ;  and  when  I  say  the  purposes  of  this 
Institution  I  use  the  term  in  the  broad  sense,  not  merely  meaning  our 
own  purposes,  but  the  other  purposes  which  we  have  had  in  mind. 
To  enable  you  to  compare  the  areas  of  sites,  may  I  give  you  one  or  two 
figures  for  other  Institutions.    The  site  here  is  over  20,000  sq.  ft.    The 


Fig.  2.— Basement 


present  Institution  of  Civil  Engineers  is  about  10,700  sq.  ft ;  the 
Mechanical  Engineers,  5.000  sq.  ft. ;  and  the  Society  of  Arts,  2,500 
sq.  ft.  The  room  space,  including  the  theatre,  is  over  40,000  ft ;  the 
Civil  Engineers  is  15,000  ft;  and  the  Mechanical  Engineers,  9,200  ft 
The  theatre  is,  we  think,  rather  small ;  but  it  is  probably  large  enough 
for  our  purposes  for  some  time.  In  that  connection  I  wish  to  explain 
the  brief  statement  in  the  invitation  to  this  meeting,  that  the  theatre 
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Mr.  Hordey.    can  easily  be  enlarged.    You  will  see  that  it  is  a  horseshoe  in  form. 
The  flat  side  is  on  one  side  of  the  building,  and  the  horseshoe  is  in  the 
quadrangle.    If  you  look  at  the  building  or  at  the  drawings  on  the  wall  *= 
you  will  see  it  will  not  be  a  very  serious  matter  to  ii)crease  the  size  of 
that  horseshoe  to  any  extent  that  the  area  will  allow,  or  even  to  remove 
the  horseshoe  altogether  and  to  roof  in  the  whole  of  the  quadrangle. 
In  that  case  we  should  have  one  of  the  finest  halls  in  London.     In 
addition  to  this  theatre  we  have  four  floors  and  a  basement,  and  the 
average  is  7,700  ft.  each.    It  may  or  may  not  be  wise  to  enlarge  the 
theatre,  but  I  merely  draw  your  attention  to  that  point  as  I  understand 
there  has  been  some  uncertainty  as  to  what  it  would  involve.    There 
are  seventeen  rooms  in  this  building,  in  addition  to  the  theatre,  ranging 
from  nearly  1,000  ft.  to  3,000  ft. ;  they  are  handsome,  large,  well-lighted 
rooms.    I  need  not  say  anything  about  the  position  ;  you  can  jndgc  of 
that  for  yourselves.    There  is  no  finer  site  in  London.    I  do  not  think 
I  need  say  much  either  about  the  accessibility  of  the  building.     It  is 
one  of  the  most  central  places  in  London.    It  is  at  the  junction  of  the 
tramways,  north  and  south  ;  it  is  within  a  very  short  distance  of  some  of 
the  principal  railway  stations;  it  is  rather  more  accessible  than  any 
Westminster  site.    It  may  be  said  that  we  ought  to  remain  in  West- 
minster, the  engineering  centre ;   but  it  is  possible  to  worship   the 
Westminster  fetish  too  fervently.    Here  we  are  more  or  less  midway 
between  Westminster  and  the  City  ;  we  are  close  to  a  district  which  is 
becoming  quite  an  electrical  engineering  centre — we  are  quite  close  to  the 
Law  Courts  ;  I  think  that  in  every  way  we  are  very  well  placed  indeed 
as  regards  convenience  of  access  for  our  members  generally.    As  to  the 
building,  we  made  it  a  condition  of  the  contract  that  we  should  have  a 
report  from  an  architect.    Mr.  Ayling,  who  was  largely  concerned  in 
the  building  of  the  Institution  of  Civil  Engineers,  undertook  that  duty 
and  gave  us  a  very  full  and  careful  report,  which  is  entirely  of  a  satis- 
factory character.     I  am  sure  anybody  who  has  gone  through  this 
building  will  agree  that  structurally  it  is  in  a  very  good  state   of 
preservation  indeed.     The  architect    reports  that  ;^5o  is  the  total 
expenditure  necessary  to  put  the  building  into  a  sound  condition ; 
there  are  only  one  or  two  little  things  that  require  doing.    I  am  not, 
of  course,  speaking  about  the  decoration  or  anything  of  that  sort.     I 
fear  I  am  taking  up  too  much  time,  but  I  think  I  ought  to  say  some- 
thing on  the  question  of  the  use  of  a  common  building.    It  has  been 
objected  that  we  ought  to  have  combined  with  other  societies,  and  have 
done  what  has  been  done  in  America — erected  a  common  building  for 
engineering  societies.    Well,  we  have  not  had  Mr.  Carnegie  to  rely  on 
here.     His  generosity  in  this  country  has  taken  other  directions,  and 
we  have  had  to  rely  on  our  own  resources,  which,  perhaps,  is  the  best 
thing  in  the  end.    We  have  not,  therefore,  been  able  to  step  into  a 
building  ready  made  for  us.     But  the  question  of  combining  with  other 
societies  has  not  been  overlooked,  and  on  various  occasions  during  the 
last  few  years  other  societies  have  been  approached  with  a  view  to 
•  For  reproductions  of  these  drawings  see  Figs.  I  to  7. 
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finding  some  common  ground  for  dealing  with  this  question  of  a  home  Ur.  Mordcy. 
for  engineering  societies,  but  nothing  has  come  of  it ;  there  were  no 
definite  results.  Possibly  if  wc  had  had  time — I  think  it  would  have 
taken  years — we  might  have  made  some  arrangement  with  other 
societies,  but  it  was  not  possible  to  do  it  in  any  short  time  ;  it  is  always 
difficult  when  there  are  many  interests  to  consider. 

Here  wc  had  the  opportunity  of  getting  a  good  building  for  ourselves 
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Fio.  3,— Ground  Floor. 

and  one  that  gives  us  our  own  home  and  the  means  of  cooperating 
with  other  societies.  And  it  gives  us  the  means  of  being  hospitable  as 
others  have  been  hospitable  to  us.  It  may  be  objected  that  the  space 
we  do  not  need  may  be  a  burden  on  the  Institution.  We  do  not  fear 
that  for  one  moment,  although  there  is  a  great  deal  of  space  that  we 
shall  not  need  ourselves  for  many  years.  If  that  space  is  taken  over  by 
kindred  societies  at  the  same  rate  as  the  three  rooms  that  arc  now 
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Mr.  Mordey.  jgt  for  £(><p  a  year,  it  will  bring  in  some  thousands  of  pounds  a  year. 
The  Council  thinks  there  is  no  risk  in  any  serious  sense  of  the  word 
in  connection  with  the  disposing  of  that  space.  It  is  not  in  any  case 
a  matter  that  need  be  hurried.  If  we  do  not  let  anything  except  the 
three  rooms  that  are  now  let  we  shall  just  about  pay  our  way,  with  the 
normal  rate  of  increase  of  our  membership.  We  believe,  however, 
that  the  increased  facilities  the  building  will  give  and  the  increased 
usefulness,  prestige,  and  standing  of  the  Institution,  will  lead  to  a  rapid 
growth  of  our  membership,  and  this,  in  spite  of  the  higher  standard 
that  we  are  exacting. 

One  important  thing  I  must  not  omit  to  mention.  No  increase  of 
subscription  will  be  necessary,  nor  any  general  levy  on  the  members. 
The  Building  Fund,  which  has  existed  since  1893,  will  continue  to  exist, 
and  I  am  asked  to  draw  the  attention  of  members  specially  to  that 
fact.  That  Fund  has  already  received  about  ;£2,ooo  in  voluntary  sub- 
scriptions, and  it  is  believed  that  many  more  members  will  now  wish 
to  add  to  it  either  by  annual  contributions  or  otherwise. 

There  is  nothing  necessary  now,  sir,  but  the  approval  of  this  meeting 
and  your  signature  to  make  this  building  the  Home  of  the  Institution 
of  Electrical  Engineers.  Gentlemen,  I  have  very  great  pleasure  in 
seconding  the  proposal  which  has  been  made  by  the  President. 

Sir  Joseph  Swan,  F.R.S. :  I  feel  that  the  subject  has  been  so 
completely  gone  into  from  every  point  of  view — from  the  financial 
point  of  view  by  our  Honorary  Treasurer,  and  from  every  other  point 
of  view  by  our  President- Elect — ^that  very  little  remains  to  be  said, 
beyond  the  expression,  which  I  am  very  glad  to  make  in  the  most 
unqualified  way,  of  my  confidence  in  the  wisdom  of  the  Council  in 
having  made  this  proposition,  and  having  brought  it  to  the  position  of 
almost  complete  consummation,  as  has  just  been  stated  by  Mr.  Mordey. 

Mr.  George  G.  Ward  (Local  Hon.  Secretary  for  the  United  States) : 
Mr.  President  and  fellow  members,  although  I  am  a  stranger  to 
most  of  you,  I  may  be  permitted  to  say  that  I  have  been  connected 
with  the  Institution  as  an  Associate  and  Member  since  1874,  and  have 
had  the  honour  for  more  than  thirty  years  of  representing  it  in 
the  United  States  as  its  Honorary  Treasurer  and  Secretary.  When  I 
was  elected  there  were  two  hundred  members,  and  now  our  President- 
Elect  says  there  are  more  than  six  thousand  on  the  Roll.  These  figures 
seem  to  me  to  prove  conclusively  the  necessity  of  having  a  building  for 
ourselves.  It  has  been  stated  that  the  building  in  which  we  are  met 
can  be  made  most  convenient  for  our  purpose.  We  are  all  most  grateful 
to  the  Civil  Engineers  for  their  kindness  in  granting  this  Institution 
the  privilege  of  using  their  building ;  but,  gentlemen,  this  Institution 
is  doing  too  great  a  work  to  be  the  tenant  of  anybody  else.  Its 
influence  goes  to  every  quarter  of  the  earth.  Gentlemen,  the  moment 
has  arrived  :  do  not  miss  the  opportunity.  I  have  much  pleasure 
in  supporting  the  motion. 

Mr.  E.  C.  Barton  (Local  Hon.  Secretary  for  Brisbane) :  I  have 
little  to  say,  except  to  congratulate  the  Institution  heartily  on   the 


Mr.  Ward. 


Mr.  Barton. 
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opportunity,  and,  I  hope,  on  the  result  of  Hiis  meeting,  and  that  in    Mr.  Barton. 
Australia  we  have  always  looked  upon  this  Institution  as  a  great  soul 
that  had  no  body  to  reside  in.     It  will  be  a  great  pleasure  to  us  now  to 
think  that  the  Institution  will  have  so  fine  a  building  lor  its  permanent 
accommodation. 

Major  P.  Cardbw,  R.E.  :  I  am  an  old  member  of  this  Institution  and 
I  do  not  often  trouble  you  with  remarks ;  but  I  think  when  such  a  very 


Uakv 
Cardcw. 
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Fig.  4.— First  Floor. 


momentous  decision  is  to  be  taken,  it  is  a  time  when  age  and  experience 
may  put  in  a  few  observations.  I  take  it  that  the  question  to-^iy  is  not 
whether  the  Institution  is  to  have  a  building,  but  whether  this  particular 
building  is  so  exactly  suited  to  our  needs  as  to  warrant  what  must 
appear  to  be  rather  hasty  steps  being  taken  to  acquire  it.  I  have 
served  on  this  Council  for  many  years,  and  it  seems  to  me  a  departure 
from  our  usual  proceedings  to  take  such  a  step  as  this  in  such  a 
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headlong  way.  I  do  n«t  want  to  raise  unnecessary  difficalties,  but 
I  cannot  understand  the  great  haste.  Surely  a  question  involving  the 
immediate  expenditure  of  £50,000  should  be  thoroughly  considered, 
and  I  suggest  that  a  statement  showing  the  pros  and  cons  should  be 
submitted  to  the  members,  and  that  the  voting  should  be  in  writing. 
It  seems  to  me  that  that  would  be  more  in  consonance  with  careful 
progression. 

Mr.  Martin  Roberts  :  In  my  opinion  the  scheme  is  an  ill-con- 
sidered one,  and  this  building  is  larger  than  we  want  The  building 
which  the  Institution  of  Civil  Engineers  is  just  about  to  vacate 
covers  an  area  of  about  10,700  sq.  ft.  This  has  an  area  of  over 
20,000  sq.  ft.,  and  from  what  I  have  seen  of  it,  it  appears  to  me  quite 
unsuitable  for  our  requirements.  Can  the  Council  seriously  say  that  a 
building  on  lines  similar  to  the  Institution  of  Civil  Engineers  would  not 
meet  all  the  needs  of  this  Institution  ?  Next,  I  suggest  that  it  will 
seriously  cripple  the  resources  of  the  Institution  to  have  to  meet  the 
very  heavy  liability  set  out  in  the  Treasurer's  statement.  The  Institu- 
tion will  not  be  able  to  do  what  it  has  done  in  the  past,  and  what  we  all 
hope  it  will  be  able  to  do  in  the  future,  in  furthering  the  interests  of  the 
electrical  profession.  I  therefore  beg  leave  to  propose  as  an  amend- 
ment ; — 


"That  the  resolution  circulated  to  the  members  of  the 
Institution  be  referred  back  to  the  Council  for  further 
consideration." 


Mr.  Esson. 


Mr.  Gaster. 


Mr.  Sharp. 


Mr.  W.  B.  Esson  :  I  wish  to  support  the  last  speaker.  I  do  not  see 
why  this  matter  should  not  be  referred  back  to  the  Council  for  con- 
sideration, or  should  not  be  deferred  for  some  years  if  necessary.  We 
need  not  be  in  such  a  hurry  to  get  into  a  home  of  our  own  ;  wc  have 
done  very  well  for  a  long  time  without  it.  It  has  been  said  that  we 
want  more  accommodation — Mr.  Mordey  has  put  it  very  forcibly — and  I 
agree  with  all  he  said.  We  want  to  be  able  to  entertain,  and  we  want 
a  place  which  is  worthy  of  the  Institution,  but  there  is  no  particular 
hurry  about  it.  For  these  reasons  I  second  Mr.  Roberts*  motion,  that 
the  matter  be  referred  back  for  further  consideration. 

Mr.  Leon  Gaster:  I  would  like  to  say  that  I  think  this  building 
is  admirably  suited  for  the  accommodation  of  kindred  societies  in  a 
common  home. 

Mr.  Sidney  Sharp  :  There  is  one  view  of  the  question  which 
presents  itself  to  me.  The  assets  of  the  Institution  amount  at  present 
to  ;£45»ooo»  and  the  funds  increase  annually  by  about  ;£5,ooo.  In  eight 
years  we  shall  have  ;£85,ooo,  and  we  might  make  a  better  use  of  it  then 
than  with  the  smaller  capital  we  have  now.  We  shall  now  run  into 
debt,  and  the  Council  will  not  only  have  to  conduct  the  affairs  of  the 
Institution,  but  they  will  also  be  in  the  position  of  landlords  and  have 
the  trouble  of  keeping  the  parts  of  the  building  they  do  not  propose  to 
use  fully  sub-let  to  tenants. 
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Mr.  R.  S.  Erskine  :  The  figure  of  ;^i7o  was  mentioned  as  the  cost   Mr. 
to  the  present  owners  of  keeping  this  building  in  order.     I  have  had  a  "*' 

certain  amount  of  experience  with  regard  to  property  in  London,  and 
if  that  figure  includes  the  repainting  I  think  it  cannot  be  done  at  that 
price.  The  amount  allowed  for  cleaning  and  household  expenses  also 
appears  to  me  to  be  much  too  low. 


Fio.  5.— Second  FkK>r. 


The  figure  of  ;gi7o  is  for  the  annual  upkeep  of  the  J[^^ 


The  President 
building.    The  painting  has  to  be  done  only  every  seven  years. 

Mr.  Alex.\nder  Siemens  :  To  a  certain  extent  I  was  the  moving 
spirit,  or  at  any  rate,  I  strongly  urged  upon  the  Council  that  they  ought 
to  act  quickly  in  this  matter.  In  matters  like  these  it  is  not  possible  to 
consult  every  one  of  the  6,000  members.  I  understand  that  the  Coun- 
cil is  elected  for  the  purpose  of  conducting  the  affairs  of  the  Institu- 
tion, and  in  these  sort  of  affairs  one  has  to  act  quickly.    You  have  been 
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told  that  the  Building  Fund  was  started  in  1893,  and  from  that  time 
every  member  of  the  Council  has  always  kept  a  weather  eye  open  to  see 
how  and  when  a  building  or  a  site  could  be  acquired  for  the  Institu- 
tion. Sites  in  Westminster  are  not  very  plentiful.  I  have  some 
personal  experience  in  this  matter,  because  my  firm  (Siemens  Brothers) 
lately  looked  out  for  a  site  on  which  to  build  new  offices  if  they  possibly 
could,  and  the  result  of  the  inquiry  was  that  they  could  not  find  one 
which  was  at  all  suitable  for  building  offices.  Then  the  Institution  of 
Civil  Engineers  has  been  looking  out  for  a  site  in  Westminster  ;  and  it 
has  only  been  after  the  greatest  possible  trouble,  and  after  three  or 
four  years  negotiations  with  the  Government,  that  they  obtained  one. 
Their  new  site  is  138  X  138  ft.,  or  roughly,  20,000  sq.  ft. ;  and  that 
increased  space  was  obtained  because  it  was  found  that  the  present 
Institution  building  on  a  site  of  10,700  sq.  ft.  was  not  sufficient  for 
the  requirements  of  the  Institution — that  especially  in  office  accommo- 
dation and  such  things  it  was  absolutely  necessary  to  have  more 
room.  Sites  in  Westminster  cannot  be  obtained  unless  one  pays 
very  heavily  for  them.  I  would  strongly  recommend  the  members 
to  accept  this  building  and  to  reject  the  amendment  which  has  been 
moved. 

Mr.  Mark  Robinson  :  A  few  years  ago,  until  the  pressure  of  other 
duties  forced  me  regretfully  to  resign  the  position,  I  had  the  honour  to 
be  a  member  of  the  Council  of  this  Institution,  and  even  at  that  time 
the  question  of  a  new  building  for  the  Institution  was  under  constant 
discussion,  and  the  urgency  of  the  matter  very  forcibly  presented 
itself  to  all  the  members  of  the  Council.  There  is  nothing  new  in  our 
seeking  a  home,  nor  in  our  considering  the  question  an  urgent  one. 
One  speaker  has  suggested  we  should  wait  for  four  or  eight  years, 
when  we  shall  have  saved  up  more  money.  Why  did  he  not  suggest 
sixteen  years,  and  more  saving  still  ?  Perhaps  it  would  suit  him,  but 
some  of  us  are  "getting  on,"  and  would  like  to  see  the  Institution  in  a 
home  of  its  own,  and  of  our  own,  before  we  resign  our  membership  of 
all  things.  The  course  unanimously  recommended  by  the  Council 
is,  to  say  the  least,  entitled  to  very  favourable  consideration,  and  I  beg 
heartily  to  support  it 

Mr.  James  Aitken  :  I  understand  that  the  remainder  of  the  lease  of 
the  building  is  seventy-six  years,  and  at  the  end  of  that  time  the  Institu- 
tion will  have  to  give  it  up  after  having  spent  practically  the  whole  of 
its  capital  resources  on  its  acquisition. 

Mr.  R  Hammond  :  Provision  is  made  for  an  Amortisation  Fund  of 
£200  a  year,  which  will  replace  the  capital  of  £50,000  in  seventy-ax 
years. 

The  President  :  I  will  now  put  the  amendment  proposed  by  Mr. 
Roberts,  seconded  by  Mr.  Esson,  "  that  the  question  of  the  purchase 
of  this  building  be  referred  back  to  the  Council  for  further  con- 
sideration." 

The  amendment  was  then  put,  and  was  lost  by  an  overwhelming 
majority. 
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Fig.  6.— Third  Floor. 
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The  President  then  put  the  resolution  to  the  meeting  and  it  was  The 
carried  unanimously. 

The  Prbsident  :  Gentlemen,  I  now  declare  the  resolution  to  have 
been  carried,  and  in   the  name  of  the  Council  I  thank  you. 

The  meeting  then  terminated. 


The  accompanying  illustrations  are  from  a  photograph  taken 
recently,  and  from  reproductions  of  the  architect's  plans,  which  were 
shown  at  the  Special  General  Meeting. 
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WILLIAM  THOMSON,  BARON  KELVIN  OF  -LARGS,  O.M., 
G.C.V.O.,  died  at  his  residence,  Netherhall,  Largs,  in  the  County  of 
Ayr,  on  December  17,  1907.  He  was  an  Original  Member  of  the  Insti- 
tution, and  was  President  in  1874,  1889,  and  1907.  He  was  elected  an 
Honorary  Member  in  1899.  A  full  account  of  his  life  and  work  is 
contained  in  the  first  Kelvin  Lecture  by  Dr.  Silvanus  P.  Thompson, 
F.R.S.,  Journal,  vol.  41,  p.  401.  A  portrait  of  Lord  Kelvin  was  pub- 
lished with  part  188,  vol.  40  of  the  Journal, 

ARCHIBALD  CAMPBELL  CAMPBELL,  BARON  BLYTHS- 
WOOD,  died  on  July  8,  1908,  at  his  seat,  Blythswood  House,  Renfrew- 
shire. Lord  Blythswood  was  born  in  1835,  and  was  the  son  of  Archibald 
Campbell,  of  Blythswood.  He  served  with  his  regiment,  the  Scots 
Guards,  in  the  Crimea,  where  he  was  severely  woimded.  On  the  death 
of  his  father  in  1861  he  retired  with  the  rank  of  Lieutenant-Colonel, 
and  immediately  devoted  himself  to  the  Auxiliary  Forces.  For  some 
time  he  sat  in  Parliament  as  member  for  Renfrewshire  and  West  Ren- 
frewshire, which  latter  constituency  he  held  till  1892,  when  he  was 
raised  to  the  peerage  as  Baron  Blythswood.  Lord  Blythswood  was  a 
devoted  student  of  science  and  did  much  useful  work,  especially  in 
physics.  After  the  discovery  of  radium  some  interesting  experiments 
were  carried  out  in  the  laboratory  which  he  equipped  at  Blythswood. 

He  was  a  leader  in  county  politics  and  an  active  statesman.  He 
was  elected  an  Associate  of  the  Institution  in  1883. 

RICHARD  VICARS  BOYLE,  C.S.I.,  died  on  January  3,  I9C^,  from 
failure  of  the  heart.  Mr.  Boyle  was  born  in  1822,  t>eing  the  third  son 
of  Mr.  V.  A.  Boyle,  of  Dublin.  He  received  his  early  training  as  a 
pupil  of  Charles  'Vignoles,  F.R.S.,  and  subsequently  was  engaged  on 
railway  construction  work  in  Ireland  and  England,  and  in  Spain.  In 
1853  he  was  appointed  District  Engineer  on  the  East  Indian  Railway 
with  headquarters  at  Arrah,  Bengal.  In  the  Mutiny  he  played  a  con- 
spicuous part,  holding  out  for  eight  days  in  his  fortified  house  with 
80  men  and  a  party  of  50  Sikhs  against  3,000  mutinous  troops.  After 
his  relief  Mr.  Boyle  acted  as  Field  Engineer  to  one  of  the  British 
columns.  For  his  services  he  was  awarded  a  Mutiny  medal,  a  grant 
of  land  at  Arrah,  and  subsequently  the  Companionship  of  the  Star  of 
India.  From  1872  to  1877  he  held  the  appointment  of  Engineer-in- 
Chief  to  the  Imperial  Government  Railways  of  Japan.  He  was  elected 
a  Member  of  the  Institution  in  1874. 
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ERNST  DANIELSON,  of  Westcras,  Sweden,  died  in  September, 
1907.  Born  on  January  19,  1866,  he  studied  at  IJpsala,  and  passed 
through  the  works  of  the  Stockholm  Electric  Company,  and  then 
through  the  Technical  High  School  at  Stockholm.  For  some  time  he 
held  the  position  of  Assistant  Engineer  to  the  Stockholm  Electrical 
Company,  and  in  iSijo  he  went  to  the  United  States,  where  he  entered 
the  service  of  the  Wenstrdm  Consolidated  Dynamo  and  Motor  Com- 
pany, at  Baltimore,  and  afterwards  joined  the  General  Electric  Company 
of  Schenectady.  In  1892  Danielson  was  offered  the  position  of  Chief 
Engineer  to  the  Almanna  Svenska  Elektriska  Aktiebolaget  at  Westeras, 
which  position  he  held  until  1895.  ^^  ^^c"  started  practice  as  a  Con- 
sulting Engineer  in  Stockholm,  and  among  other  important  works  for 
which  he  was  responsible  was  the  scheme  for  utilising  the  water-power 
of  the  TroUhattan  Falls.  Subsequently  he  became  Technical  Director 
of  his  company  at  Westcras,  but  was  obliged  to  resign  in  1903  on 
account  of  failing  health. 

His  most  important  work  was  in  connection  with  the  3-phase 
system  and  its  utilisation  for  power  transmission.  During  his  two 
years'  stay  in  America  he  had  exceptional  opportunities  for  making 
exhaustive  practical  tests  with  the  3-phasc  system,  and  became  con- 
vinced of  its  practical  importance.  On  his  return  he  devoted  con- 
siderable attention  to  the  design  and  development  of  3  phase  apparatus. 
His  first  machine  fully  realised  all  expectations,  and  on  the  basis  of 
experiments  with  this  the  theory  was  still  further  developed,  and 
Danielson  was  able  to  draw  up  his  plans  for  the  use  of  the  3-phasc 
system  for  power  transmission  on  a  considerable  scale.  The  first  work 
to  be  carried  out  was  the  well-known  power  transmission  installation 
at  Hellsjon-Grangesberg,  the  success  of  which  led  to  several  other 
power  schemes,  such  as  Hofors,  Boxholm,  etc.  The  fact  that  after  a 
lapse  of  twelve  to  fourteen  years,  daring  which  numerous  developments 
have  taken  place  in  electrical  science,  these  installations  of  Danielson 
are  still  working,  bears  striking  testimony  to  his  engineering  judgment 
and  ability. 

He  was  elected  a  Foreign  Member  of  the  Institution  in  1894. 

JAMES  EDGAR  died  at  his  residence  at  Wrexham  on  December 
17,  1907,  in  his  64th  year.  He  was  the  eldest  son  of  Captain  Thomas 
Edgar,  and  in  his  early  years  was  appointed  Postmaster  of  the  Borough 
of  Wrexham,  which  position  he  filled  for  nearly  a  quarter  of  a  century 
with  conspicuous  ability. 

Several  inventions  were  brought  out  by  him,  among  which  may  be 
mentioned  one  for  the  purpose  of  establishing  telephonic  communica- 
tion between  the  guards  and  engine-drivers  of  trains,  in  which  he 
utilised  the  railway  metals  as  conductors.  He  was  elected  an  A^sociate 
of  the  Institution  in  1878,  and  an  Associate  Member  in  1899. 

THE  VERY  REVD.  FATHER  E.  LAFONT,  S. J.,  C.I, K.,  whose 
death  occurred  at   Darjeeling  Sanatorium  on   May  10,  1908,  was  a 
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Foreign  Member  of  the  Institution  of  Electrical  Engineers,  and 
Chairman  of  the  Calcutta  Local  Section  since  1899.  Born  in  Belgium 
in  March,  1837,  he  had  completed  his  71st  year,  of  which  forty-three  were 
spent  in  India.  He  visited  Europe  only  on  two  occasions  :  once  in 
1878  he  went  to  recruit  after  a  severe  illness ;  on  the  second  occasion 
he  went  for  scientific  purposes  and  to  see  the  1900  Paris  Exhibition. 
He  owed  his  name  as  "  Father  of  Science  "  in  India  to  his  unequalled 
power  of  popularising  his  subject,  and  to  the  depth  of  his  knowledge 
of  experimental  physics. 

He  was  appointed  Rector  of  St.  Xaviers,  Calcutta,  in  1873,  and  held 
that  position,  except  for  an  interval  of  a  few  years,  till  1904,  when  his 
health  began  to  fail.  For  nineteen  years  he  gave  weekly  lectures  to 
the  Indian  Association  for  the  Cultivation  of  Science,  and  remained  till 
his  death  its  Senior  Vice-President.  He  was  an  active  member  of  the 
Sepate  of  the  Calcutta  University,  of  which  he  was  made  a  Fellow  in 
1877,  and  was  President  of  the  Faculty  of  Arts. 

In  recognition  of  his  services  to  Science  he  was  created  in  i8ik>  by 
the  Viceroy,  Lord  Lytton,  a  Companion  of  the  Indian  Empire,  and 
Jhrough  the  kind  offices  of  Lord^  Duff erin  he  received  the  decoration  of 
Ofiicier  de  I'Academie  de  France.  His  own  King  Leopold,  as  a  mark  of 
high  esteem,  made  him  in  1898  a  Knight  of  the  Order  of  Leopold,  and 
finally  Lord  Minto,  the  present  Viceroy,  bestowed  on  him  the  honorary 
degree  of  Doctor  of  Science. 

To  Father  Lafont  St.  Xaviers  College  owes  its  fine  meteorological 
and  solar  observatory  and  its  well-equipped  physical  laboratory — 
second  to  none  in  India.  For  the  latter — ^almost  in  the  latter — he 
lived,  and  when  age  compelled  him  to  abandon  his  beloved  works,  his 
friends  felt  that  the  end  was  drawing  near.  Yet  what  strength  was 
left  he  devoted  to  the  very  last  to  that  other  work  in  which  he  excelled 
and  which  was  always  his  first  object— the  teaching  and  expounding  of 
the  great  truths  of  religion. 

Besides  being  a  distinguished  scientist,  the  late  Father  was  an 
eloquent  preacher,  and  his  many  gifts,  combined  with  his  charming 
manner,  rendered  him  popular  among  all  classes  of  society.* 

JAMES  NELSON  SHOOLBRED  died  on  September  8,  1907,  at 
Kirkwall,  in  Orkney.  He  was  born  at  Bangor,  in  Wales,  in  1835,  and 
became  a  pupil  of  Charles  Vignoles.  Mr.  Shoolbred  achieved  a 
considerable  reputation  during  the  earlier  developments  of  electrical 
engineering,  and  was  regarded  as  one  of  the  pioneers  of  municipal 
electrical  engineering  enterprise.  He  acted  as  Consulting  Engineer  to 
many  municipalities,  and  the  first  work  of  this  character  which  he  took 
in  hand  was  in  connection  with  the  lighting  installation  for  Bradford 
in  the  year  1888,  before  which  date  only  ten  towns  in  Great  Britain  were 
lighted  by  electricity. 

Two  years  later  he  was  acting  as  Consulting  Engineer  to  the  Brighton 

•  The  Secretary  is  indebted  to  Mr.  F.  J.  Robins,  AM.I.E.E.  of  Calcutta,  for  this 
brief  account  of  Father  Lafont's  life  and  work. 
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Corporation,  and  in  1895  in  the  same  capacity  for  Birkenhead,  in  1897 
for  Accrington,  in  1898  for  Stockport,  and  in  1899  for  Doncaster.  He 
was  Consultinj^  Engineer  to  these  Corporations  not  only  in  their  general 
works,  but  he  also  supervised  the  completion  of  the  electrical  irustalla- 
tions  until  they  were  taken  over  by  the  several  municipalities.  He 
appears  also  to  have  acted  for  many  other  towns  when  seeking  pro- 
visional orders  or  Parliamentary  powers,  and  in  many  cases  success 
was  due  to  the  advice  given  by  Mr.  Shoolbred  in  the  preparation  of  the 
proposals. 

Two  papers  were  contributed  by  him  to  the  Proceedings  of  the 
Institution  on  ''The  Measurement  of  Electricity  for  Commercial 
F*urposes,'*  read  in  1883,  and  the  other  on  "  Electric  Light  on  the  F^orth 
Bridge  Works,"  read  in  1885.  Mr.  Shoolbred  was  also  a  member  of 
the  Committee  appointed  by  the  Institution  in  1882  to  draw  up  rules 
and  regulations  for  the  prevention  of  fire  risks  arising  from  electric 
lighting,  and  assisted  in  the  work  of  publishing  the  first  edition  of  the 
present  Wiring  Rules  of  the  Institution.  Mr.  Shoolbred  was  also  an 
expert  in  harbour  engineering  work,  and  was  closely  connected  with 
the  construction  of  the  Mersey  Estuary.  He  was  elected  a  Member  of 
the  Institution  in  1881. 

HANSON  TOPHAM  met  his  death  as  the  result  of  an  accident 
on  November  7,  1907.  Mr.  Topham  was  born  at  Bradford,  Yorkshire, 
on  July  25,  1876,  and  after  serving  a  period  of  apprenticeship  as 
Engineer  he  studied  for  five  years  at  the  Central  Technical  College, 
South  Kensington,  under  Professor  Ayrton  and  Professor  Perry, 
and  was  successful  in  gaining  a  Whitworth  Scholarship.  Later  he 
entered  the  service  of  the  City  Road  Works  of  the  Brush  and  Pronncial 
Electric  Lighting  Company.  He  was  then  appointed  by  Messrs.  Bram- 
well  &  Harris  to  carry  out  works  at  Ilkeston  and  Bishop  Auckland,  and 
subsequently  he  was  in  charge  of  the  electrical  installations  in  connec- 
tion with  the  boring  of  the  City  and  South  London  Company's  Tube 
between  Islington  and  Euston.  At  the  time  of  his  death  he  was  in  the 
service  of  the  Newcastle-upon-Tyne  Electric  Supply  Company  for 
whom  he  was  supervising  some  boring  operations  in  connection  with 
the  Carvillc  Electric  Power  Station.  On  the  night  of  November  7th 
an  explosion  occurred  which  wrecked  the  air-lock  in  which  the  men 
were  working,  killing  Mr.  Topham  instantaneously  and  causing  severe 
injury  to  others  on  the  works. 

Mr.  Topham  was  elected  an  Associate  Member  of  the  Institution 
iu  1905. 

FRANCIS  HUGHES  WEBB,  late  Secret.iry  of  the  Institution, 
died  at  his  residence  in  Hampstead  on  May  17,  H)oH.  Mr.  Wtbb  was 
appointed  Secretary  of  the  Institution  in  1878.  He  held  that  office  for 
twenty  years,  until  his  retirement  in  1808.  He  was  born  in  London  in 
1824,  and  educated  at  University  College  School  and  at  the  Ec<»le 
Nonnale,  Brussels,     Subsequently  he  sj>cnl  two  ycais  in  Germany  uith 
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John  Player,  Engineer  to  the  British  Nassau  Iron  Company,  and  was 
afterwards  appointed  Clerk  of  the  Audit  Office  of  London,  Brighton 
and  South  Coast  Railway.  In  1844  he  became  resident  Secretary  and 
Librarian  to  the  Royal  Institute  of  British  Architects,  which  post  he 
resigned  in  1850  in  order  to  enter  the  service  of  the  Electric  Telegraph 
Company  as  assistant  to  Edwin  Clark,  then  Engineer-in-Chief .  The 
following  year  Mr.  Webb  accepted  the  appointment  of  Private  Secre- 
tary to  the  chairman  of  that  company,  John  Lewis  Ricardo,  M.P.,  with 
whom  he  remained  until  the  year  of  that  gentleman's  death  in  1862. 
During  that  period  he  was  brought  much  into  intimate  contact  ^-ith 
many  of  the  most  eminent  civil  engineers  and  contractors  of  the  time. 
In  1865  he  again  entered  the  service  of  the  London,  Brighton,  and  South 
Coast  Railway  as  Assistant  Secretary,  but  resigned  in  1867  ^^  renew  his 
association  with  Mr.  Edwin  Clark,  then  largely  engaged  in  engineering 
work.  Mr.  Webb  was  secretary  to  the  Nova  Scotia  and  New  Brunswick 
Railway  Company,  the  Malta  Hydraulic  Dock  Company,  and  the  Monte 
Video  Harbour  Improvements  Company.  On  his  appointment  in  1878 
as  Secretary  to  the  Society  of  Telegraph  Engineers  he  did  not  at  once 
relinquish  the  other  appointments  he  was  holding  at  the  time,  but  in 
1885,  owing  to  the  growth  of  the  Society,  he  found  it  necessary  to  devote 
his  entire  attention  to  the  work  of  the  Society.  During  his  Secretary- 
ship (in  1883)  the  Institution,  originally  called  "  The  Society  of  Tele- 
graph Engineers,"  was  incorporated  under  the  altered  name  of  "  The 
Society  of  Telegraph  Engineers  and  Electricians,"  and  in  1889  the 
name  was  changed  to  the  one  by  which  it  is  now  known. 

After  his  retirement  Mr.  Webb  remained  an  Associate,  and  con- 
tinued to  take  a  close  personal  interest  in  the  progress  and  welfare  of 
the  Institution  with  which  he  was  so  long  and  honourably  connected. 

JOHN  WOODSIDE  died  on  February  2,  1908,  at  Belfast.  Mr. 
Woodside  carried  out  a  number  of  important  electric  ii^tallations, 
including  numerous  mills  and  factories  in  the  north  of  Ireland.  At  the 
time  of  his  death  he  was  in  his  37th  year. 

Mr.  Woodside  was  elected  an  Associate  Member  of  the  Institution 
in  1901. 

Since  trie  date  of  the  Annual  General  Meeting,  the  following  deaths 
of  Members  have  also  been  reported  : — 

ELEUTHERE  ELIE  NICOLAS  MASCART,  Membre  de  I'lnstitut 
France,  Hon.  Member  of  the  Institution  since  1901.  Died  August  25, 
1908. 

EMIL  NAGLO,  Past  President  of  the  Elektrotechnischer  Verein, 
an  Original  Member  of  the  Institution.    Died  September  12,  1908. 

Notices  of  their  careers  will  be  published  in  due  course. 
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on  a  Paper. 
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